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BULLETIN 258 NOVEMBER 1935 
Alfalfa-Seed Investigations in Utah 
JOHN W. CARLSON 
Light-weight kraft bags used for controlling pollination and bud-injury resulting 
from activities of Lygus bugs in alfalfa, Uintah Basin Experimental 
Farm, Fort Duchesne, Utah. 
UTAH AGRICULTURAL EXPERIMENT STATION 
UTAH STATE AGRICULTURAL COLLEGE 
LOGAN,UTAH 
FOREWORD 
For many years alfalfa-seed production problems have 
engaged the attention of investigators in various parts of the 
world. Those factors which are regarded as of greatest im-
portance in seed-setting are general climate, current weather, 
air humidity, soil moisture, and insect relationships within the 
various alfalfa-seed districts. Some attention in research has 
been given to pollen fertility and ovule sterility, as well as to 
general flower dynamics in relation to environmental condi-
tions. Efforts have been made to develop strains of alfalfa 
having pollen that is resistant to injury by moisture or having 
self-tripping flowers or autogamous strains of alfalfa whose 
flowers are self-fertile and thereby capable of setting seed 
without the aid of tripping and pollinating insects. Different 
aspects of these problems are encountered in humid and arid 
regions. It is clearly evident that many important problems 
of alfalfa-seed production have not as yet been solved. Fur-
ther study is required to determine the apparent fundamental 
relationship that exists between soil type, soil moisture, and 
weather conditions in relation to alfalfa-seed setting. The life 
activities of many insects and alfalfa flowers are inseparably 
associated. The economic aspec.ts of these relationships in 
alfalfa-seed production should provide a fruitful field of re-
search. 
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ALFALFA-SEED CROP IN UTAH 
Soon after the first planting of alfalfa had been made near the shores 
of Utah Lake in 1860 (1), alfalfa-seed growing was attempted in many Utah 
settlements. Information 'is no~ available to make an estimate of yields for 
the early years, except to say that efforts at seed-growing were successful 
beyond expectations. As the crop gained in commercial importance, the 
;,ndustry became concentrated in a few counties of central and eastern Utah. 
fhe peak of production for the state was reached in 1925, when approxi-
mately 441,600 bushels of alfalfa-seed were grown. Of this amount, 294,000 
bushels were produced in Millard County and 147,000 bushels in the Uintah 
.Basin. By 1925, previous high yields in Emery County had declined to the 
extent that this district was no longer regarded as an important alfalfa-seed 
growing center. After the peak of production was reached (1925), Millard 
County and Uintah Basin yields also declined, to the extent that in 1930 the 
average acre-yield for the state was 1.2 bushels as compared with 6 to 8 
bushels in 1925. The total yield for the state reached the low level of 18,000 
bushels in 1932, which must in part at least be attributed to a diminished 
-acreage of alfalfa harvested for seed in that year; The cause of low yields 
has been the subject of research at · the Uintah Basin Alfalfa-Seed Experi-
mental Farm, as well as of some speculation, the results of which are re:-
ported in the following pages. 
ALFALFA-SEED GROWING AND PRECIPITATION 
Alter,(2) has indicated that the important alfalfa-seed growing and ex-
porting countries of the world are relatively few in number and that they 
are those having a dry climate, which in important respects is similar to that 
of the Great Plains and plateau regions of the United States. The average 
annual precipitation for Utah is approximately 13 inches. The distribution, 
however, varies from less than 5 inches on the desert to more than 20 inches 
on the mountain ranges. The regions of most successful alfalfa-seed pro-
duction have been those whose annual precipitation varies from 5 to approxi-
mately 13 inches. Some irrigation, however, is usually required for successful 
seed-growing, except in areas in which groundwater is available to the 
plants. The important seed districts are included in a comparatively narrow 
strip of the state, which is a little wider on the windward than on the leeward 
side of the main mountain ranges. 
Summer precipitation in Utah, except on the mountains, is uniformly 
low and of about the same amount for all parts of the state. Paradoxical as 
it may seem, the regions of low annual precipitation in which alfalfa-seed is 
grown have from 14 to 30 per cent fewer clear days in summer, as compared 
lContribution from Department of Agronomy, Utah Agricultural EXperiment Station. 
2Superintendent, Uintah Basin Alfalfa-seed Experimental Farm, July I, 1925 to December 
81, 1984. 
Note: Because of the growing demand for further information on alfalfa-seed growing in 
-r;- th~. the Uintah Basin Alfalfa-seed Experimental Farm was established at Fort Duchesne [;V' ~July 1. 1925. Its primary object was: (1) To seek more reliable commercial methods of 
producing alfalfa-seed. (2) to study pollination and tripping of alfalfa flowers as related 
to seed production, (3) to compare seed-yielding qualities of known alfalfa strains, and 
(4) to develop by selection new superior alfalfa strains for seed production. Bulletin No. 
258 is a summary report of work done on this farm from the time of its establishment 
(July 1. 1925) to the time the work was closed (December 31. 1934). (State Project No. 75) 
Publication authorized by Director. June 14, 1935. 
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with regions whose annual precipitation varies from 15 to 20 inches. 
Obviously, on many cloudy days in seed districts there is little or no rain. 
Light showers, nevertheless, are of frequent occo.rrence, and these with the 
alternation of clear and cloudy weather are regarded as important factors in 
alfalfa-seed setting. Alter quotes the statement of an observant seed-grower, 
which is typical of a prevailing opinion: "The best condition during the 
bloom is warm partly cloudy weather with a shower of rain now and tben, 
and plenty of wind, as this wmbination of elements seems to aid pollination 
by opening the blossoms and disse'minating the pollen properly. It also pre-
vents the dropping of the blossoms which occurs when the weather is too 
hot and dry." 
ALFALFA-SEED GROWING IN RELATION TO CURRENT 
WEATHER CONDITIONS 
The generally dry climate and low, but frequent, summer precipitation 
in the alfalfa-seed districts of Utah are regarded as factors conditioning the 
atmosphere for alfalfa-seed growing rather than as influencing soil moisture. 
The most successful seed districts are located in the arid portions of the 
valleys and plains of the main stre'ams, with the exception of the Green and 
Colorado Rivers. A few seed areas of importance are located in the deserts, 
near the saltmarshes and where groundwater is available in the smaller de-
pressions of the Bonneville Basin. The weather in all important seed dis-
tricts is much the same; in addition to low annual precipitation, it is 
distinguished, as a rule, by hot summers and cold winters. The summer 
temperatures are strikingly uniform and approximately the same year after 
year. Slight variation in annual precipitation is the rule, but marked 
fluctuations have been recorded for individual years in various portions of 
the state. Weather records for Salt Lake City from 1874 are available and 
for Ogden and Corinne since the advent of the railroad, a few years previous 
to this time. These show that periods of generally high precipitation pre-
vailed from 1874-1879, from 1904 to 1909, and again from 1916 to 1921, in-
clusive. The average' annual precipitation for these respective periods was 
16, 15, and 11 per cent above the normal of the entire state. Exceptionally 
dry periods in which the annual precipitation was as much as 20 per cent 
below the normal prevailed from 1892 to 1903 as well as for most of the 
years of the 1924-1934 decade. Fragmentary data, together with the testi-
mony of some early settlers, indicate that a period of drought prevailed from 
the beginning of settlement in 1847 to about 1860. The ext~eme fluctuations 
in annual precipitation represent differences equal to approximately 30 per 
cent of the normal for the state, and with a normally low annual precipita-
tion, such as that for Utah, it remains a question as to what extent the'se 
extreme changes may affect plant growth. Since the alfalfa-seed crop is 
produced under irrigation, the effec.ts of a drought on yield would not be 
felt immediately. However, a prolonged period of drought which affects 
, precipitation in the mountains, the source of irrigation water, must ulti-
mately result in water deficiency in alfalfa-seed districts bordering on the 
deserts. While there are certain exceptions for individual years, the general 
. or average annual precipitation for the entire state is found to be a fair 
index to the precipitation in various portions of the state for the same year. 
As evidence of the fact, Table 1 shows coefficients of correlation between 
average annual precipitation for all of Utah for which weather records are 
available from 1892 to the present and that for zones and weather stations 
in the state receiving various amounts of annual precipitation for the same 
period. Important exceptions to the stated rule may be found when com-
paring average annual precipitation of two points which differ greatly in 
altitude. 
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Table l.-Showing coefficients of correlation between average annual precipitation for Utah 
as a whole and for zones and weather stations receiving various amounts of 
annual precipitation. 
Average Annual Precipitation of Zone or 
Weather Station Compared with State Average II 
Zone receiving from 5 to 10 in. av,g,. an,n,ual preci,p, itation r 
" "10 to 15 " 
15 to 20 " 
Weather Station at Logan 
" Salt Lake City 
" Parowan 
" Fort Duchesne 
" St. George 
" Moab 
Coefficient of 
Correlation 
==;.4215 ± .1030 
= .4106 ± .1041 
= .8469 ± .0355 
= .8397 ± .0311 
= .7132 ± .0511 
= .6110 ± .0668 
= .5674 ± .0808 
= .7000 ± .0565 
= .8610 ± .0287 
It is a significant fact that the highest total and acre-yields of alfalfa-
seed on record in Utah have been produced during and immediately follow-
ing a series of years in which annual precipitation has been normal or above. 
The highly satisfa<.tory yields, reported by early growers at a time when 
Utah was a principal source of alfalfa-seed for the Great Plains, were pro-
duced during a period of normal or above normal annual precipitation in 
the 1860's and 1870's. It is a no less significant fact that the lowest acre-
yields on record were produced from 1928 to 1933, inclusive, when annual 
precipitation was approximately 20 per cent below the normal in the alfalfa-
seed districts and 7 per cent below the normal for the state as a whole. It 
is known definitely, however, that factors other than abnormally low pre-
cipitation have contributed to the poor yields of alfalfa-seed since 192.8, 
but the inter-relationship of factors, &uch as weather and insects, and their 
effects on alfalfa-seed setting present problems that have not been thor-
oughly investigated. 
Unfortunately, reliable yield data for alfalfa-seed in Utah are not avail-
able for all years in which weather data have been analyzed. The best 
opportunity for making a comparison of weather elements with yields of 
alfalfa-seed is afforded in the six-year period from 1922 to 1927, in which 
acre-yi elds for the state are the highest on record, ranging from 4 to 6.4 
bushels, and again from 1928 to 1933 when they were lowest, ranging from 
1.2 to 2.1 bushels. The major portion of the seed produced in Utah for these 
years was grown in those districts for which the weather data (Table 2) 
is representative. 
In Table 2 data are given showing the important elements of the 
weather in Utah's alfalfa-seed districts for June, July, August, and Septem-
ber for periods of high and low seed yields. It is quite evident that no great 
differences occur in average summer temperatures of the two periods which 
might correspond with marked differences in the yield of alfalfa-seed. How-
ever, a slight difference is apparent in the summer precipitation, particularly 
for the Fort Duchesne and D eseret seed districts, but this difference is of 
doubtful significance. On the average, the number of clear days is greater 
for the period of low seed-setting. The reverse of this statement is that 
there are more cloudy days per month, on the average, for the period of 
high acre-yields of seed. The slightly higher summer precipitation for the 
period of better seed-setting in the Fort Duchesne and Deseret seed dis-
tricts is an indication of more frequent showers and a greater degree of 
variability between sunshine and cloudy weather. However, a difference in 
precipitation of the amount shown would not influence greatly the soil 
moisture, but, it may be important in conditioning the air and in controlling 
its humidity. The problem of air humidity in relation to alfalfa-seed setting 
has received considerable attention for several years at the Uintah Basin 
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Table 2.--Comparing important elements of weather for June, July, August, and September, 
1922-27, inclusive, when high acre-yields of alfalfa-seed were produced in Utah 
with those from 1928-33, inclusive, when alfalfa-seed crops were generally poor 
(Figures are averages of data at the stations indicated. 1) 
II Mean TemperatureO (F) 1\ pre~~~~tion II Clear No. I pays Cloudy 
Zone t II I Period II Period II Period II Period 
II Month 11922-2711928-33111922-2711928-3311 1922-2711928-113111922-2711928-33 
June 63.2 63.5 
1 
.67 
I 
.33 
Deseret- July 70.0 71.1 .85 .79 
Fort Duchesne Aug. 67.2 67.9 
/ 
1.09 1.14 
Sept. 58.4 59.8 .94 I .65 
(1) Total or A vg. I 64.7 I 65.5 " 3.55 I 2.91 II 
orinne c 
U tah Lake 
Oak City 
Levan 
June 
1 July 
Aug. 
/ Sept. 
65.1 
I 
65.7 .62 .62 
72.7 73.7 .93 .94 
70.5 70.8 1.18 1.14 
60.9 62.2 .63 .61 
(2) Total or Avg. I 67.3 I 68.1 " 3.36 I 3.31 II 
Logan June 
I 
68.0 /68.1 Ii .92 .70 Ogden July 75.4 76.3 .68 .66 
Salt Lake Aug. 72.6 
1
73
.
7
11 
1.15 .98 
Tooele Sept. 63.4 64.2 1.19 1.07 
(3) Total or Avg. I 69.8 I 70.6 II 3.94 I 3.41 II 
18 
/ 
20 3 I 2 16 16 3 2 16 I 17 2 4 
19 I 20 3 I 2 
69 I 73 II 11 I 10 
14 17 5 
I 
3 
13 13 6 3 
13 14 6 4 
16 17 6 I 4 
56 I 61 1\ 23 I 14 
20 I 20 3 I 3 
22 I 21 2 II 2 80 81 4 3 
18 I 20 5 I 4 
20 I 20 II 14 I 12 
1 Weather station records used to obtain the averages for the various zones are: 
(1) Deseret, Fort Duchesne, Myton, Duchesne, Vernal, Castledale, Emery, and Ibapah. 
(2) Tremonton, Corinne, Government Creek, Saltair, Lehi-Utah Lake, Provo, Moroni, Scipio, 
Levan, Manti, Oak City, Fillmore, Beaver, Parowan, Cedar City, and Modena. 
(3) Logan, Brigham City, Ogden, Salt Lake City, Midvale, Tooele, and Spanish Fork. 
Alfalfa-seed Experimental Farm; previously (1915), it had been a subject 
of investigation at the Iowa Agricultural Experiment Station. 
AIR HUMIDITY IN RELATION TO ALFALFA-SE,ED S~TTING 
From a study through control experiments Martin(3) concluded that 
seed-setting in alfalfa is dependent upon a proper functioning of the pollen. 
Pollen germination, in turn, was found to be dependent upon a proper 
supply of moisture, obtained either from the air or from a moist substratum. 
In his experiments the exacting and differential moisture requirements of 
alfalfa pollen grains for proper germination was demonstrated by various 
means. Within certain limits, as regards the normal requirements for ger-
mination, the moisture of the substratum was able to compensate for a 
deficiency in the atmosphere, and vice versa. It was determined that ex-
cessively humid air could prevent germination of the pollen and thereby 
prevent fertilization and" pod-setting in the flowers. Torrsell(4) found that 
excessive air humidity caused the rupture of the walls of the pollen cells, 
which prevented a proper fertilization of the flowers. Later extensive ob-
servations of alfalfa flowers at the Uintah Basin Alfalfa-seed Experimental 
Farm during the flower periods of several seasons has afforded some indica-
tion that severe stripping of flQwers often follows as the result of prolonged 
sultry weather, particularly in July and early August. These observations 
suggested the taking of air temperature and air humidity records by means 
of a self-recording hygrothermograph. Data are now available for June, 
July, August, and September from 1929 to 1934, inclusive. The first reading 
of temperature and humidity for the day was made at 10:00 a. m. and 
thereafter at 2-hour intervals, with the last reading at 8:00 p. m. It was 
observed that usually the full effects of a cool night had not been spent 
until 10:00 a. m.; similarly, the full effects of a warm day were not spent 
before 8:00 p. m. The readings for the night were, therefore, made at 
10:00 p. m. and at 2-hour intervals thereafter, until 8:00 a. m. The season 
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of alfalfa-seed setting in the various years was divided into eight 10-day 
periods, beginning on June 15 and ending on September 4. 
In connection with the recording of the weather data, a large number 
of alfalfa flowers was counted and marked, every two or three days, for 
determi.ning the percentage that formed seedpods ' under conditions of air 
temperature and relative humidity recorded by the hygrothermograph. As 
a rule, 1000 flowers were counted and marked for identification with each 
set, from 25 to 50 sets being established during the course of each season 
from 1929 to 1932, inclusive. Flowers were marked for identification and 
then allowed to develop naturally in the open fi"eld or without artificial 
tripping. The time at which the sets were established was regulated so as 
to secure representative samples of pod-setting on various crops of flowers 
on first- and second-crop alfalfa during the respective seasons. In the final 
analysis, the average percentage of flowers forming pods for each period 
was correlated with averages of various conditions of air temperature and 
humidity for the same period. Table 3 indicates the coefficients of correlation 
obtained. The positive coefficient of correlation(r) for average maximum 
day temperature in 1929 has a high probable error; since coefficients of 
correlation for subsequent years are insignificant, the relationship of day 
temperature to seed-setting in alfalfa, as determined by this method remains 
unknown. On the other hand, the significant negative correlations obtained 
for average and for average minimum night temperatures in 1930 and 1931 
suggest that a cool night temperature might be favorable to seed-setting in 
alfalfa. This suggestion has been supported by observations of the general 
effects upon a seed crop of a series of cool and clear nights during a flowering 
period. Low-night temperatures are known to retard greatly the activities 
of insects, and for a time may reduce the amount of injury to alfalfa flowers 
sufficiently to result in improved seed-setting. The true relationship between 
low-night temperatures and seed-setting in alfalfa, however, remains un-
known. 
Table 3.-Showing coefficients of correlation (r) between percentage of alfalfa flowers 
forming seedpods and temperature and relative humidity during the seed seasons 
from 1929 to 1932, inclusive. 
Year 
Elements of the 
Weather 1929 1930 1931 1932 
Temperature 
A.~g. Day .2703 ± .2803 .2328 ± .1226 .1269 ± .0799 .1384 ± .0917 
Maximum day .8023 ± .1077 .2906 ± .1052 .1459 ± .0933 .2220 ± .0888 
" Night .2621 ± .2816 -.5450 ± .0"385 -.2506 ± .0893 .3817 ± .0798 
" Minimum night -.3333 ± .2688 -.7297 ± .0606 -.4568 ± .0754 .2402 ± .0880 
Relative Humidity 
Avg. Day -.4908 ± .2295 -.8751 ± .0307 -.4108 ± .0792 .1606 ± .0902 
" Minimum day -.3375 ± .2655 -.7726 ± .0512 -.4875 ± .0727 .2598 ± .0872 
" Night -.3234 ± .2977 -.5661 ± .0880 -.3897 ± .0808 .1395 ± .0916 
" Minimum night -.2993 ± .2753 -.6776 ± .0512 - .4875 ± .0727 .2598 ± .0872 
Significant negative coefficients of correlations are obtained between 
both day and night relative humidity and seed-setting in alfalfa. Those for 
1930 and 1931 are significant in relation to their probable errors, while 
those for 1929 and 1932 are not. Evidently, the actual conditions, as regards 
the mean and the range in relative humidity, are not the same for the various 
years and significant coefficients are not always obtained. The negative sign 
for the significant coefficients, however, is an indication that a lower humidity 
than that prevailing within the range afforded in the experiments in 1930 and 
1931 might have been more favorable to seed setting in alfalfa. Table 4 
gives the actual means of day and night temperatures in degrees Fahrenheit 
at the Uintah Basin Alfalfa-seed E~perimental Farm by the years and 
flower periods within the years. Since averages usually tend to obscure 
certain minor variations, coefficients of variability for temperatures within 
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10-day flower periods have been calculated, as an additional criterion for 
comparing seed-setting in alfalfa with temperatures of day and night. These 
coefficients of variability are based on a calculation of the total variance in 
60 two-hour readings of temperature for day and night periods in each of 
the ten-day flower periods. The total variance is expressed in percentage, or 
as the coefficient of variability. 
Table 4.-Showing mean temperatures in degrees Fahrenheit and coefficient of variability of 
day and night temperatures in eight ten-day flowering periods during the 
alfalfa-seed setting season, Uintah Basin Alfalfa-seed Experimental Farm, 1929-
32, inclusive. 
I 0 F. and Coefficien t of Variability (%) 
Period I 1929 / 1930 I 1931 I 1932 I 1933 I 19'34 
I Mean I C.V. /Meanl C.V. I Meanl C.V. I Meanl C.V. I Meanl C.V. I Mean I C.V . 
Day Temperature I 
June 15-24 No data 73 9.7 81 9.6 78 11.7 82 10.1 77 9.1 
June 25-J uly 4 No data 79 8.8 79 10.2 80 10.4 81 9.9 79 11.1 
July 5-14 75 9.6 79 8.5 82 9.5 79 12.0 79 16.3 82 11.3 
July 15-24 76 14.4 75 8.2 87 9.9 77 9.4 81 8.8 83 10.9 
July 25-Aug. 4 78 9.1 74 7.5 82 11.4 76 9.9 80 10.1 86 9.8 
Aug. 5-14 77 11.9 73 7.6 78 11.5 78 11.7 80 10.8 80 9.3 
Aug. 15-24 74 11.8 74 11.6 79 10.7 79 I 9.5 76 11.1 8'3 9.2 Aug. 25-Sept. 4 73 I 12.1 73 10.9 76 14.2 66 13.4 73 12.7 81 11.9 
Mean I 75 I 11.5 I 75 I 9.1 I 80 I 10.8 I 77 I 11.0 I 79 I 11.2 I 81 I 10.3 
Night Temperatu r e I 
June 15-24 N o data 53 ( 12.1 51 17.6 53 15.6 54 13.6 54 15.1 
June 25-July 4 N o data 50 15.1 56 14.7 58 15.9 54 17.7 57 14.5 
July 5-14 52 14.8 60 10.5 52 16.7 55 13.1 58 20.4 55 15.5 
July 15-24 60 15.8 57 I i~:: I 57 16.5 55 12.4 56 13.'3 58 13.5 July 25-Aug. 4 60 8.5 58 59 
I 
15.1 55 22.1 57 12.4 62 12.6 
Aug. 5-14 52 12.3 61 10.3 55 14.2 52 14.0 55 13.6 60 8.6 
Aug. 15-24 54 11.2 51 11.6 56 15.6 57 12.4 51 18.5 56 11.5 
Aug. 25-Sept. 4 55 9.6 51 7.5 I 50 15.6 47 22 .8 48 16.1 53 16.9 
Mean I 55 I 12.0 I 55 I 11.3 I 54 I 15.5 I 54 I 16.0 I 54 I 15.7 I 57 I 13.5 
A verage temperatures for the corresponding flower periods in the 
various years are strikingly similar and in some cases almost identical. The 
probability of a significant difference existing between the temperatu res 
from the years of high and low seed-setting, therefore, is slight. Coefficients 
of variability for the same periods also indicate great uniformity in tem-
peratures. Even smaller differences occur in night temperatures. With 
these slight variations and differences in day and night temperatures for 
corresponding periods in years of high and low seed-setting, it does not 
appear that ' changes in the temperature have been a factor of any consider-
able importance in causing alfalfa-seed crop failures in Utah. 
Table 5 shows similar data on relative air humidity. In this case, how-
ever, differences do occur, which in a few instances may be of considerable 
importance. In general, the significant coefficients of correlation obtained in 
these studies between relative air humidity and seed-setting in alfalfa, the 
results from the experiments of Martin and Torrsell as regards alfalfa 
pollen and air humidity in relation to seed-setting and the data of Table 2 
showing the greater frequency of summer showers and the occurrence of 
more cloudy days in the alfalfa-seed districts of Utah, all suggest that air 
moisture may be an important factor in seed-setting in alfalfa. For years in 
which air temperature and humidity data have been recorded, the highest 
average acre-yields of seed were obtained in 1934. The next most successful 
year is 1929. The lowest yields were obtained in 1931 and 1932, when seed 
crops were complete failures at the Experimental Farm. Some illdication of 
improvement in seed-setting, however, became apparent about mid-season 
in 1933. It is difficult at the present time to ha-rmonize these fluctuations in 
yield with conditions of air humidity for the same years and for flower 
periods within years. It is, however, worthy of attention that 1934 and 
1929 have the lowest average relative humidity, with the highest coefficients 
of variability. A relatively dry atmosphere, in general, is therefore sug-
gested as a favorable condition for alfalfa-seed setting, while a high degree 
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of variability would produce frequent changes in the degree of turE?ii~ity 
and flaccidity in the flowers and would increase the probability of attal11l11g 
the favorable degree of moisture for pollen germination and flower fertili-
zation, as indicated by the experiments of Martin and Torrsell. 
Table 5.-Showing t he relative air humidity and coefficient of var iability for day and night 
in eight ten-day flower periods during the alfalfa-seed setting season, Uintah 
Basin Alfalfa-seed Experimental Farm, 1929-32, inclusive. 
Relative Humidity and Coefficient of Variability (%) 
Period I 1929 I 1930 I 1931 I 1932 , 1933 I 1934 
I Mean l C.V. IMean l C.V. I Meanl C.V. I Meanl C.V. I Mean l C.V. 1 Meanl C.V. 
Day Humidity .. I 
27.8 I I 292
1 
I 
\ 40.3 June 15-24 No data 57 36 20.5 40 46 I 28.3 44 
June 25-J uly 4 No data 52 20.7 52 25.3 46 27.9 42 30.9 43 ) 40.1 July 5-14 42 ! 53.6 63 16.0 41 25.3 51 33.9 53 19.7 40 47.8 July 15-24 46 38.8 62 15.0 44 24.5 51 30.1 50 25.4 44 32.3 
July 25-Aug. : ) 47 34.8 69 17.5 47 29.2 53 33.7 ) 50 20.4 40 26.8 Aug. 5-14 35 /63.1 67 16.1 47 30.4 45 28.3 48 23.7 44 I 33.1 Au g. 15-24 45 52.7 55 27.2 I 48 21.2 I 48 29 .2 47 33.1 36 28.0 Aug. 25-Sept. 46 48.0 55 18.5 44 33.8 58 34.5 46 22.3 32 I 33.2 
Mean I 43 I 48 5 I 60 I 19 8 I 45 1 26 2 1 49 1 30.8 I 48 1 25.5 1 40 1 45 .2 
Night Humidity 1 
I 
J une 15-24 No data 84 16.0 77 12.9 78 21.1 \ 79 17.0 77 \ 21.9 
J une 25-July 4 No data 82 16.9 83 13.3 81 16.2 75 21.4 79 22.1 
July 5-14 79 \ 24.4 85 15.6 78 19.9 85 17.4 1 85 14.4 72 1 27.4 July 15-24 85 14.6 86 23.4 73 17.2 84 6.6 82 17.1 78 I 18.5 
July 25-Aug. 4 87 15.0 1 88 1 15.3 83 17.7 85 17 .1 84 15.0 65 I 23.0 
Aug. 5-14 83 1 19.6 I 91 I 9.0 80 16.2 80 17.3 77 16.1 79 18.1 Aug. 15-24 88 I 16.4 I 82 17.0 76 18.9 I 81 20.4 I 73 20.6 65 I 20.8 Aug. 25-Sept. 4 1 84 1 17.3 I 87 12.5 72 20.4 89 15.2 78 1 16.9 65 24.8 
Mean 1 84 I 17.9 I 85 1 15.9 1 78 I 17.0 I 83 1 17.7 I 79 1 17.3 1 72 1 22.1 
SEASONAL OCCURRENCE AND BEHAVIOR OF ALFALFA 
FLOWERS IN RE LATION TO SEED PRODUCTIO N 
Studies at the Uintah Basin Alfalfa-seed Experimental Farm show that, 
on the average, from 30 to 50 per cent of the alfalfa flowers form seedpods 
in years when a good seed harvest resu lts. If the percentage of setting fall s 
as low as 15 or 20 per cent, acre-yields are not profitable, while a practical 
failure of the seed crop is almost certain to result when the percentage of 
setting falls to 5 or 10 per cent. Since from six to eight successive crops 
of a lfalfa flowers occur in a normal season in the Uintah Basin, t he aggre-
gate amount of seed resulting fr om less than one-half of the flowers of each 
crop often constitutes yields ranging from 600 to 1000 pounds to the acre. 
When the first growth of alfalfa is left uncut during a season, as many as 
four successive crops of flowers are produced upon the same stems. When 
a high proportion of the first crop of flowers forms seedpods, the seed load 
on the plants causes succeeding crops of flowers to appear more slowly; 
thereafter, there is a general tendency for slower vegetative growth. In 
case of severe stripping of the first flowers , additional ones appear quickly 
on new growths of old shoots. F-igure 1 shows the average seasonal occur-
rence of alfalfa flowers and the general tendency in seed-setting for four 
years, typical of those in which these studies were made. In these years the 
first-, second-, and third-crop of flowers have contributed most to the season's 
seed crop. As a rule, seed-setting has been favorable at the time of the 
appearance of the first flowers and has so continued until about July 15. 
With the appearance of the first flowers of the second vegetative growth 
(crop) from the crowns, a conspicuously low percentage has formed seed-
pods; in other words, noticeably poor seed-setting has occurred from about 
July 15 to August 15 of each year. 
The most successful seed crop for the years· in which seed-setting is 
illustrated . in Figure 1 was obtained in 1934. The percentage of flowers 
forming pods in this year ranged from 37 to 46 per cent for the first four 
flower periods. A medium fair crop was obtained in 1930, in which seed-
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Fi&'. I-Showing the average seasonal occurrence of alfalfa flowers and the proportion. 
forming seedpods in four years, typical of those in which the reported alfalfa-seed 
studies have been made. As a rule. the first, second, and third crops of flower. 
have contributed most to the season's seed crop. Noticeably poor seed-BettinI' 
haa occurred from about July 15 to August 15 of each year. 
setting is 52 per cent for the first flower period and 36 for the second. Out-
standingly low yields were produced in 1931 and 1932, and at no time during 
these years did more than 31 per cent of the flowers form seedpods, while 
setting was as low as 5 and 8 per cent during the late July and early August 
periods. 
DURATION OF FULL-BLOOM OF ALFALFA FLOWERS 
IN RELATION TO PODS FORMED 
From a study reported in an earlier publication(5), it was found that 
when alfalfa flowers, developing under natural conditions, are from one to 
three days in the full-bloom stage and then become wilted, the chances are 
greatest that they will form seedpods. If they remain in the full-bloom 
stage for more than four days, the chances are great that they will strip 
and fail in the seed func.tion. The age of flowers, as reckoned from the time 
the petals expand from the bud, apparently, has an effect upon the capacity 
of the flowers to function in seed-setting. This was demonstrated when 
artificial tripping was resorted to in order to force flowers of various ages 
to set seed according to their inherent ability to do so. The results are 
shown in Table 6. After the flowers are four days old, a marked reduction 
in the percentage forming seedpods is noted, while after the eighth day 
no pods were formed. As a result of these studies, the ten-day period has 
come to be regarded as the maximum length of time during which anyone 
crop of alfalfa flowers may be regarded as useful for seed production. 
Therefore, from June 15 (the average date of the appearance of the first 
crop of flowers in an average season) to September 4 (after which prac-
tically no newly formed seedpods have a chance of maturing), there is 
sufficient time for the development and functions of at least eight crops of 
alfalfa flowers. -
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TabJe 6.-Showinlt the relationship between age of alfalfa flowers and percentage of pods 
resulting when tripped artificially. (Age is reckoned from the time the petaJs 
expand from the bud.) (Season, 1982) 
Age of Flowers No. of Flowers 
When Tripped (days) Tripped Forming Seedpods 
1 275 171 
2 2e 1~ 
3 233 162 
4 214 135 
5 173 82 
6 141 50 
7 95 29 
8 65 9 
9 25 0 
IPercentage of Flowers 
I Forming Seedpods 
62.1 
64.4 
69.5 
63.0 
47.3 
35.4 
30.5 
13.8 
0.0 
Coefficient of correlation between age of flowers and percentage forming 
seedpods: 
1 day to 9 da,y, s, inclusive 
1 " ,. 3 
4 days " 9 
r = -.3830 ± .0299 
r = .0640 ± .0554 
r = -.4376 ± .0358 
STRIPPING IN ALFALFA FLOWERS AND BUD-BLASTING 
Alfalfa-seed growers seem to agree that the majority of alfalfa flowers 
fail to form seedpods. When the flowers fall from the raceme from no 
apparent cause other than that they have failed in the seeding function, 
they are said to have stripped. When they die, while immature or in the 
bud-stage, of definite injuries, which experiments (6) have shown to de-
velop at least partly as a result of insect activities, the condition is known 
as bud-blasting. In the absence of severe bud-blasting, alfalfa in Utah 
normally develops large racemes with vigorous flowers, ranging in number 
from 7 or 8 to as many as 35 or 40. If good seed-setting results, an average 
of from 30 to 50 per cent of the flowers may form seedpods within ten days 
of the time they emerge from the bud. If there is a minimum of insect 
injury, but conditions for seed-setting are otherwise unfavorable, flowers 
may <.ontinue to appear fresh and normal in every respect for six or eight 
days, after which rapid wilting and stripping begins. When common strip-
ping involves most Qf the flowers, the naked rachi stand out conspicuously, 
and soon after new buds and flowers begin forming in the leafaxils, par-
ticularly near the terminals of the stems. As a rule, before common strip-
ping occurs racemes and flowers attain their full development, as is evi-
denced by the great length of the rachis and the width between the flower 
bracts of naked racemes. In the case of common (not bud-injury) strip-
ping, it appears that Bowers have failed in the seeding function through a 
lack of pollination or fertilization o"r because of some condition unfavorable 
to their physical or physiological activities. It seems that the required activity 
in seed production is often prevented until a time when the flowers become 
too old and are thereafter incapable of producing seed. 
Common stripping and bud-blasting often occur on the same plant and, 
apparently, sometimes on the same raceme. As is show in Figure 2, the 
lower racemes contained the first flowers to develop on this portion of the 
stems. As the early flowers stripped, new racemes were formed in the old 
leafaxils, while new stem-growth at the terminals produced buds and 
flowers, with ages varying in ascending order. As a result of injury, pre-
sumably by Lygus bugs, the growth and development of the new buds and 
flowers were retarded to the extent that most of them died and turned 
creamy-white in color before attaining . full growth. Only an occasional 
flower escaped injury sufficiently to succeed in forming a small pod which 
contained one or two seeds instead of the usual three or four. Bud-injuries, 
shown in Figure 2, were produced by Lygus bugs enclosed with alfalfa 
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flowers; for this reason, bud injuries observed in the field are largely 
attr~buted to the activities of these insects. Severe insect injury has usually 
been most evident at about the time when noticeably poor seed-setting is 
observed (in July and early August of each year). When the first crop of 
alfalfa has been cut for hay at the Experimental Farm, the adjacent margins 
of adjoining uncut plants have shown pronounced bud-injury a few days 
after the cutting. This injury is often conspicuous from a distance in the 
form of a belt which becomes wider each day for several days, after which 
the line of injury becomes less distinct and is finally indistinguishable from 
the remaining portion of the plats. In this instance it is believed that 
cutting of the forage deprived the insects of their accustomed food and 
shelter and compelled them to seek food on uncut plats. While it is not 
always possible to distinguish between common stripping and that resulting 
from insect injury, it is believed that the isolated occurrence or grouping 
of plats showing severe bud injury and markedly low seed yields in the 
rate-of-seeding experiments and the single adjacent plat in the hill-spaced 
alfalfa experiments in 1929 and 1930 resulted from an unusual concentration 
of Lygus bugs. 
Fig. 2.--Common stripping and bud-blasting often occur on the same alfalfa plants, 
and apparently sometimes on the same raceme. The lower racemes con-
tained the first flowers to develop. As these flowers stripped, new ones 
formed, in the axils of the old racemes. New terminal stem growth pro-
duced buds and flowers with ages varying in ascending order. 
Apparently, common stripping is enhanced by unfavorable meteoro-
logical conditions, such as extreme heat, drying winds, unfavorable air hu-
midity, and probably other undetermined elements of the weather. It also 
results in part from the natural elimination of an excess profusion of flowers. 
Bud-blasting, on the other hand, appears to bear a more definite relationship 
,to insects. Both bud-blasting and common stripping may be operative in a 
season to the extent that the seed crop becomes a failure. The full effects 
of meteorological conditions on the activities of the insects have not been 
determined, but this problem is suggestive of promising contributions toward 
a fuller understanding of the causes involved in alfalfa-seed crop failures. 
ALFALFA-SEED INVESTIGATIONS IN UTAH 
EXPERIMENTAL WORK IN RELATION TO FACTORS 
INFLUENCING SEED-SETTING 
Effects of Open- and Self-pollination on Seed Yield in Progenies 
u 
A plant progeny originating from a single heavy-seeding alfalfa plant 
of the Hardigan variety was used for comparing the effects on the yield of 
seed in the progenies originating from open- and self-pollinated flowers. A 
total of 397 second-generation hill-spaced plants comprising these progenies 
were grown in as uniform soil as could be found at the Experimental Farm. 
One hundred of the plants (Class I, Fig. 3) originated from the foundation 
GRANDPARENT (I PAIR PROGENIES) 
III GENERATION 
__ ---~RAMS OF SEEO PER PLANT-----
21iQ GENERATION 
A~AINST= S 
FOR = 14 
A~AINST= 3 
15.10 ~:~~fo ___ ._ 9.13 GRAIo4S OF SEEO 10.12--- PER PLANT -7.96 
I n m 1:2" 
PROGENY CLASSES 
FiC. 3-Illustrating the manner of descent from a single individual of first- and second- . 
generation alfalfa plants, which originated as seed from flowers receiving different 
pollination treatments. First-generation plants comprise a progeny in two parts: 
(1) Plants originating from open-pollinated flowers and (2) those from self-
pollinated flowers. Second-generation plants consist of 40 'Progenies, descendants 
from 20 mother plants from each of the two lines, as in the first generation. The 
average yields of seed per plant of the various progeny lineS' are compared to show 
effects on seed yield of open-pollination and self-pollination in two successive 
generations or in alternating generations. 
grandparent plant through two generations of open or natural pollination. 
Another one hundred plants (Class II) originated from the same identical 
foundation plants through open-pollination in the first generation and self-
pollination in the second generation. Similarly, a third one hundred plants 
(Class III) of the progenies originated from self-pollination in the first 
generation and open-pollination in the second, which in effect is the exact 
opposite of the method a{plying to the plants of Progeny Class II. The 
remaining 97 plants of the progeny (Class IV) originated through two 
successive generations of controlled self-pollination, which was accomplished 
by enclosing unexpanded flowers of parent plants in light-weight kraft bags. 
The two lots of seed obtained from open- and self-pollinated flowers 
on the original foundation plant were divided into four equal parts, and 
lines or subfamilies designated as A, B, C, and D were grown from the 
respective portions. First-generation plants of the several subfamilies within 
each of the respective open- and self-pollinated lines are, therefore, essen-
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tially the same and should be regarded only as four samples of a single 
progeny. An agreement in the data from four samples should, however, add 
considerably to the value of results obtained from the experiment. First-
generation plants received their vegetative growth in 1930, and in 1931 seed 
was produced from exposed and enclosed flowers on every fourth plant, or 
from approximately 15 plants in each subfamily. Yield data presented in 
Table 7-A shows that inbreeding or enforced self-pollination for one genera-
tion effected a marked reduction in the average yield of seed per plant, as 
compared with yields from plants of the open-pollinated line, descendant 
from the same parent. At the first harvest (1931) seed was obtained from 
open- and self-pollinated flowers on 117 first-generation plants, or from 13 
to 15 plants in each of the four subfamilies in both open- and self-pollinated 
progeny lines. The experiment would have been increased to impractical 
proportions had all, or even a portion, of the seed from each of the first-
generation plants been used for growing second-generation plants. There-
fore, five plants of the 13 to 15 were selected from each subfamily of the 
two progeny lines, which included the two plants having the highest seed 
yield, two with the lowest seed yield (provided the quantity was adequate 
for the experiment), and the plant having a seed yield nearest the average 
of the 13 to 15 plants of each subfamily. These selected plants became the 
progenitors of the second-generation progeny for which seed yield data are 
presented in Tahle 7-B. Figure 3 illustrates graphically the manner of 
descent of the plants in the various progeny classes in a way that may be 
comprehended without difficulty. By way of further explanation the plants 
of Progeny Class I originated from seed developed in open-pollinated 
flowers on both the parent and grandparent plants; while those of Progeny 
Class II originated from seed developed on open-pollinated flowers on 
grandparent plants and self-pollinated flowers on parent plants. N ever-
theless, corresponding pairs of plants of both progeny classes have the same 
identical parents and grandparents. A similar relationship holds for the 
plants of Progeny Classes III and IV. Parents of plants in Proge.ny Classes 
III and IV are, however, different from those of Progeny Classes I and II, 
while the grandparent is the same for all. It is to be specially emphasized 
that the plants of Progeny Class I originated in the manner of ordinary 
commercially-grown alfalfa, while those of Progeny Class IV originated 
from two successive generations of inbreeding. The plants of Progeny 
Classes II and IV provide an opportunity for comparing the relative effects 
on seed production of one and two generations of inbreeding, while plants 
of Progeny Class III may show the effects on seed production of one 
generation of open- or field-pollination following one of inbreeding. One 
generation of operi-pollination following selfing may possibly afford an 
opportunity for some natural crossing in the field and, thereby, give some 
indication of the extent of natural cross-pollination in commercial alfalfa 
fields. In general, the information sought from this experiment is that which 
might be useful as a guide for procedure in the propagation of improved 
alfalfa strains, from which it is desired to secure seed capable of producing 
plants true to the type of the parental stock. 
Interpretation of Results 
In comparing the effects of open- and self-pollination on the yield of 
seed in progeny classes descendant from a single alfalfa plant, the possible 
effects of soil differences within the area in which the plants were grown 
should be given due consideration. Mention has been made of the fact that 
this experiment was conducted on what appeared to be the most uniform 
soil at the Uintah Basin Experimental Farm. However, some idea of the 
actual amount of variation in yield of seed produced on a less uniform soil, 
covering a much greater area, is obtained from the analysis of variance of 
the seed yields obtained from hill-spaced, row-spaced, and rate-of-seeding 
alfalfa experiments discussed later in this bulletin. The evidence is that 
variations in seed yield due to soil differences on the average, "are relatively 
slight, as compared with variations produced by seasons, and by varieties 
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and strains, as shown by another experiment, also reported later in this 
bulletin. Nevertheless, it would have been better had the present experiment 
been conducted in a manner that would permit of accurate calculations for 
soil effects by' the analysis of varian.ce, but this has not been done. Results 
reported should, therefore, be accorded importance only in keeping with the 
evidence provided and in the light of previously conducted alfalfa-seed tests. 
Seed yields reported for plants of the first-generation, as given in Table 
7-A, are of special interest, as the plants of all subfamilies are descended 
by only one generation from the same parent ; on the average, plants of the 
inbred line show a 50 per cent reduction in yield of seed. Yields of second-
generation plants, shown in Table 7-B, are even more significant, since there 
has now been additional opportunity for segregation and the expression of 
potential seeding capacities not fully developed in first-generation plants. A 
comparison of the average yields of plants in Progeny Classes I and II 
shows that the reduction in seed yield resulting from inbreeding is approxi-
mately the' same for second-generation as for first-generation plants. A 
reduction in the yield of seed resulting from inbreeding alfalfa has been 
previously reported by Kirk(1927) and by Torrsell(1929). A comparison of 
the yields in Progeny Classes II and IV shows that the reduction resulting 
from two generations of inbreeding is in this case not considerably greater 
than that resulting from one only. It appears to be of special interest to 
determine to what extent a recovery in yield of seed may follow one genera-
tion of open- or natural field-pollination in plants in which a reduction in 
seeding capacity has resulted from enforced selfing. Plants of Progeny 
Class III . show an average increase in seed production of approximately 15 
per cent, as compared with plants of Progeny Class IV. These results are 
of considerable importance, provided gains shown are known to be real and 
to have resulted from natural cross-pollination in the field. 
Table 7 .-A verage yield of seed in grams per plant in progenies grown from open- and 
self-pollinated seed from the same mother plant (see Figure 3). 
A: First Generation (1931) 
Open-pollinated Self-pollinated 
Sub family 
" 
No. Plants I Seed (grams) No. Plants Seeds (grams) 
A 15 I 7.43 14 5.87 B 16 10.27 14 3.82 
C 14 I 14.58 15 4.37 D 16 7.18 13 5.72 
Mean(Sub-family) I 61 
\ 
9.86 56 4.94 
Relative (%) 100. 50.1 
B: Second Generation 
Progeny Based on Type of Pollination in Two Generations 
Sub-
family 
Year O»en-Open Open-Selfed Selfed-Open Selfed-Selfed I I I I II I III I IV of Seed No. Seed No. Seed No. Seed No. Crop (grams) I Plants (grams) I Plants (grams) I Plants (grams) I Plants 
A 1933 
1934 
B 1933 
1934 
C 1933 
D I 1933 
Mean 
Relative 
Percentage 
I 25 9.31 \ 25 6.81 25 20.65 25 15.80 
25 13.38 25 6.31 
25 30.79 25 14. 11 
25 9.28 25 6.02 
25 7.23 25 5.78 
100 115.10 \ 100 I 9.13 
100 I 60.4 
25 
2.5 
25 
25 
25 
25 
9.98 
16.24 
6.50 
14.16 
4.27 
9.61 
10.12 
67.0 
25 
25 
25 
25 
25 
22 
97 
6.52 
12.86 
7.46 
12.65 
4.60 
3.72 
7.96 
52.7 
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Natural Cross-pollination in the Field 
Natural crossing of alfalfa in the commercial seed fields probably occurs 
but perhaps slowly and gradually. This may explain why highly variegated 
alfalfas growing in close proximity to the blue-flowered alfalfas in time lose 
their distinctive flower color and finally merge with the blues and greys of 
common alfalfa. 
When the seed yields of the plants in Progeny Classes III and IV are 
compared by subfamilies, the conclusion that a partial recovery has been 
made from the marked reduction in seeding capacity following selfing is 
not fully established. Subfamily B (Table 7-B) in 1933 shows a lower 
average seed yield for the open-pollinated as compared with the self-
pollinated line of plants. In 1934, however, results are reversed and conform 
more nearly to those shown by the remaining subfamilies. Further, the 1933 
yields for the two classes of progenies in subfamily C are approximately 
equal. Apparently considerable variability in the progenies and individual 
plants exists and is manifest under different environmental conditions. Ac-
cording to Torrsell (1929), pollen sterility is the chief cause of reduced seed 
yields in selfed lines of alfalfa. He finds that pollen sterility increases 
markedly with some plants in the first few generations of selfing, finally 
reaching a point where relatively slight additional sterility results through 
continued selfing. If reduced seed yield of plants in Progeny Classes II 
and IV of this experiment is due to hereditary pollen sterility, introduction 
of new pollen to the flowers should result in an improvement in seed-setting. 
The time required for this to occur naturally through cross-pollination under 
field conditions is not known. However, when it does occur, the effects 
should be manifest as hybrid vigor. A slight indication of this is observed 
in the behavior of plants of Progeny Class III, from the "Standpoint of yield 
of seed per plant, the effects of pollination treatments given the flowers, 
the number of green pods maturing, and ,in number of seeds per pod, as 
shown graphically in Figure 4. By reference to Table 9, it may be noted 
in the case of the enclosed flowers under natural development that the 
percentage of flowers forming pods on plants of Progeny Class III is 27, 
which is the same as for those of Progeny Class I which originated from 
ordinary field-pollinated seed. With artificial cross-pollination, the per-
centage of flowers forming pods on plants of Progeny Class III is 61, as 
compared with 58 per cent for those of Class 1. By additional reference to 
Table 10, it is also observed that, on the average, 13.4 per cent more of the 
pods which formed on plants of Progeny Class III matured ,as compared 
with those of Class 1. These results might be taken as suggestive of unusual 
vigor on the part of the plants of Progeny Class III, which originated as 
seed from flowers subjected to enforced selfing in one generation and then 
exposed to open-pollination in the field. It is possible that a portion of the 
flowers on first-generation plants, exposed to open-pollination, actually be-
came naturally cross-pollinated and in the second generation show evidence 
of some hybrid vigor. With controlled cross-pollination, in which foreign 
pollen was used to fertilize flowers on plants of Progeny Class IV, pod-
setting was found to be equal to and in some cases to excel that on plants 
of the continuously open-pollinated line (Progeny Class 1). These results 
might be taken to confirm the statements of Torrsell (1929) as regards pollen 
sterility being the cause of poor seed-setting in inbred lines of alfalfa, but 
full account is not made of a possible strain differential existing in response 
to this treatment. 
As before stated, the full value of these results may be questioned, due 
to the fact that no adequate provision was made for checking the effects of 
soil condition within the areas in which the plants of the several progeny 
classes were grown. It is possible, but apparently not likely, however, that 
the soil of the strip used by the plants of Progeny Class III was more 
favorable for seed-setting and thereby influenced favorably all factors con-
tributing to a maximum yield of seed. Again, if the differences in seed-
setting are due to soil conditions, the response to treatments of plants in 
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PROGENY CLASSES 
Fig. 4-Illustrating the general vigor and relative seed-setting capacity and total seed pro-
duction of plants composing progeny classes originating as seed from alfalfa 
flowers receiving different pollination treatments in two generations. Plants of 
Progeny Class III, which originated as see4 from flowers ex'pOsed to open or field 
pollination in one generation following enforced selfing, show a general superiority 
in the percentage of flowers forming pods, grams of seed per plant, number of 
green pods maturing. and number of seeds per pod, as compared with plants of 
Progeny Classes II and IV, which originated as seed from self-pollinated flowers 
but which have not since been exposed to open-pollination. 
Note: Green pods maturing, seeds per pod, and grams of seed per plant expressed 
as relative percentage based on plants of Progeny Class I as 100. 
Flowers forming pods by cross-pollination, artificial tripping, and natural develop-
ment expressed as actual percentage based on a total of 7280 flowers for each of 
the respective treatments. 
Table S.- Showing the percentage of a lfalfa flowers forming seedpods when naturally developed, artificially tt·ipped. or cross-pollinated. when 
exposed to open-field conditions, and when enclosed in kraft bags. All plants are descendants from a single grandparent and have 
originated as seed by different types of flower pollination on the mother plants, which constitutes the basis for progeny groups. 
Flowers of fi r st-crop alfalfa in sub-families A and B; flowers of second-crop alfalfa, in subfamilies C and D 
Progeny Class Based on Type of Flowet· Pollination 
I I II , III I IV 
Sub-family Crop Flower Open I Open , Open I Selfed , Selfed , Open , Selfed , Selfed Treatment (1)1 , (2)1 I (1)1 , (2)1 , (1)1 , (2)1 I (1) 1 , (2)1 
Nat ural IArtificial , Cross , Natural'J\1'!i~c2a~L Cross I Natural ' Al'tific~al ' Cross , Natural 'Artificial I Cross 
A 1st I Exposed II 47 48 55 45 42 51
2 52 51 68 41 53 61 
Enclosed 34 42 55 27 42 58 38 51 61 23 50 55 
Sig. Diff.3 (pods) .05 3.7 3.6 3.5 3.6 
.01 4.9 4.8 4.7 4.9 
B 1 st I Exposed 45 64 64 32 36 41 34 45 53 40 50 552 I Enclosed 39 52 59 27 34 482 24 50 562 35 48 602 
Sig. Diff.3 (pods) .05 2.9 3.2 2.1 3.7 
.01 3.8 4.2 2.8 4.9 
C 2d \ Exposed 
/I 
18 40 40 20 30 42 20 45 53 14 29 45 
Enclosed 20 49 59 17 46 60 23 60 61 14 43 64 
Sig. Diff.3 (pods) .05 4.1 2.9 3.3 3.6 
.01 5.5 3.8 4.5 4.9 
D 2d I Exposed II 18 33 31 16 29 34 ~3 38 59 14 30 49 Enclosed 14 52 59 7 42 56 24 48 66 11 4S 60 
Sig. Diff.3 (pods) .05 3.1 2.4 3.9 2.9 
.01 4.2 3.3 5.3 3.8 
1 Type of pollination treatment applied to flowers from which first- and second-generation plants originated as seed. 
2Difference between exposed and enclosed statistically non-significant. 
3See calculations. Table 12. 
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Progeny Class I II could be expected to be both above and below those of 
Progeny Class IV. Results reported, however, show all gains to be in one 
direction and in all cases to favor the plants from open-pollination, which 
adds confidence to the theory of hybrid vigor resulting from some natural 
cross-pollination occurring in the field. 
Effects of Flower Pollination and Exposure Treatments 
The use of light-weight kraft bags by Kirk(7) and Stewart (8) for 
enclosing alfalfa flowers for inbreeding indicated that reasonably favorable 
seed-setting was obtained under these conditions. Southworth(9) showed 
that tripped alfalfa flowers set seedpods as well when enclosed as when 
exposed, while the work of Frandsen(IQ) demonstrated that alfalfa flowers 
enclosed and pollinated with foreign pollen set seed better than those 
enclosed and artificially tripped without introducing foreign pollen. 
In the Uintah Basin, most of the alfalfa flowers that form seedpods 
under natural conditions apparently do so without -tripping; for this reason, 
it has been supposed that natural cross-pollination in commercial seed fields 
of this region may be the exception rather than the rule. Tripping usually 
effects a marked improvement in seed-setting, but artificial cross-pollination 
has resulted in an even greater improvement in the setting of seedpods from 
alfalfa flowers. With natural development of the alfalfa flowers, approximately 
10 per cent have been found to become tripped automatically or through 
the agency of insects. At times, this percentage has been found to run as 
high as 20, but as a rule this occurs for short periods only. It is probable 
that some cross-pollination takes place with natural tripping of the flowers, 
since stray pollen is often seen upon petals of fully expanded flowers, some 
of which is likely to come in contact with the stigmas of flowers at the 
time of tripping. -Thrips, which are capable of passing betweep the petals 
of untripped flowers and apparently are able to move about the essential 
parts of the flowers with perfect freedom, are regarded as the means of 
effecting a considerable degree of cross-pollination among untripped flowers. 
Results of these observations and researches formed the basis of the follow-
ing experiments dealing with alfalfa flower pollination and exposure treat-
ments. 
Methods 
Three pairs of racemes of approximately the same size and age were 
selected on a total of 397 alfalfa plants, or 25 (except 22 only in one case) 
from each minor division of a progeny by subfamily and progeny classes 
for which the percentage of flowers forming seedpods following different 
pollination and exposure treatments are shown in Table 8. In all cases, 
flowers on racemes were trimmed to exactly ten in number, after which one 
of the following treatments was applied: 
Flowers of one pair of racemes on each plant were allowed to develop 
naturally; those on one raceme, however, were enclosed in a kraft bag; 
while those of the second were left exposed to open-field conditions. 
Flowers of two additional racemes of each plant were tripped artificially 
without intentionally introducing foreign pollen to the stigmas (artificial 
self-pollination), after which the flowers on one were enclosed and those 
on the other left exposed. 
Similarly, flowers of a third pair of racemes in the case of each plant 
were tripped in such a way that their stigmas would strike the pollen mass 
of an unrelated flower held in position for that purpose (artificial cross-
pollination), after which the flowers of one raceme were enclosed and those 
of the other left exposed. 
In this way, a total of 60 flowers on each of 397 plants received one of 
six treatments. Since all treatments were applied to flowers on the same 
plants, variations due to soil and to plants themselves may be disregarded 
in the results. Treatment effects were determined by making a count of 
the number of green pods formed ten days after the flowers had been 
treated and marked for iden tification. At the end of the season the number 
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of green pods maturing and the number of normal seeds per pod were also 
counted. 
Due to the labor involved and the time required for marking and treat-
ing the flowers, the work in the fore part of the season continued sufficiently 
long to include a portion of at least three crops of the fir st-growth flowers 
(subfamilies A and B, Table 8). The work was then continued on a portion 
of two flower crops of second-growth alfalfa (subfamilies C and D) . In all 
cases the green pods formed could be counted without difficulty ten days 
after the flower treatments had been applied; by the end of the season, how-
ever, some of the pods could not be relocated due to the heavy vegetative 
growth of the plants and to the fact that a few pods were lost by stripping. 
However, complete treatment data were obtained from 364 plants. Of these, 
184 were of first-growth alfalfa and 180 of second-growth. Table 9 gives 
the total number of flowers and the proportion that formed seedpods by 
crops and progeny classes, in relation to type of pollination treatment with 
flowers exposed and enc!osed. 
Table 9.-Number and percentage of alfalfa flowers forming green pods by crops and 
progeny classes in relation to type of pollination treatments given flowers 
enclosed in kraft bags and exposed to open-field conditions. 
I 1st 
Total 
Percentage l 
2d 
II 1st 
Total 
Percentage 
2d 
III 1st 
Total 
Percentage 
2d 
IV 1st 
Total 
Percentage 
2d 
i'otals by Crops 1st 
2d 
Percentage by Crops 
II ~~t 
Total No. II Exposed II Enclosed II Total II 
Number and Percentage of Flowers Forming Pods by Treatment 
P'lts·IFlowersIINat.IArt.1 Cr. iINat.IArt.1 Cr. Ij Exp. I Enc. I Both 
1\ 
46 I 2760 \\212\ 2601 27611167\2181 264 11 748 \ 649 I 1397 
43 2580 78 160 1541 75 215 254 11 392 544 I 936 
/1 
89 I 5340 II 2901 4201 430112421 433 1 518111140 1 1193 I 2333 33 47 48 27 49 58 43 45 44 
/1 
48 I 2880 11 1851187/ 2221/13111841 254// 594 I 5'69 I 1163 46 2760 81 136 176 53 201 268 393 522 915 
II 94 I 5640 11 2661 323 / 3981/ 1841 3851 522 11 987 1 1091 I 2078 I 28 34 42 1 20 41 65 36 39 37 
\
1 47 \ 2820 1991 2251 28211 1441238\ 274 // 706 I 
I 48 2880 103 196 271 11 113 269 306 570 
/
1 95 1 6700 302 1 421 / 65311257/ 497/ 680111276 I 
I 32 44 58 27 52 61 1 45 
II 43 ~ 2680 174 / 2221 250111231 212/ 247 11 646 I II 43 I 2580 61 125 201 631 189 266 387 
II 86 I 6160 235 1 347/ 451111761 4011 613 11 1033 I I 27 40 52 20 47 60 40 
184111040 1 I I II 0 1080 770 894 1030 565 852 1039 2694 
\ 
323 617 802 294 864 1094 11 1742 
\ 
42\ 49\ 66 31 461 56 1 48 
18 34 44 16 481 61 11 32 
656 II 1362 
678 1248 
1334 I 2610 
47 46 
682 I 
608 I 
1090 I 
42 I 
I 
2456 I 
2252 I 
I 
44 1 42 
1228 
896 
2123 
41 
5160 
3994 
47 
37 
GRAND TOTAL II 364 I 21840 \1109311611\1832\1 859\171612133 11 4436 I 4708 I 9144 
Percentage Flowers Forming Pods I 311 41 50 I 23 471 68 I 41 43 42 
lIn these percentages a difference of 3.5 is in most cases statistically significant, with odds 
of 20 to 1. A difference of 5 is statstically significant, with odds of 100 to 1. (See 
Table 8, Page 27). 
Treatments in Relation to Percentage of Flowers Forming Pods 
As a rule, at the Uintah Basin E xperimental Farm flow ers on first-crop 
alfalfa have always set a higher proportion of seedpods than have second-
crop flowers in the same season. As shown in T able 9, r esults obtained 
with naturally developed flowers in the present experiment are no exception 
to this rule. The ratio for pod-setting in favor of exposed first-crop flowers 
as compared with second-crop flower s is as 42 is to 18; with enclosed flo wers 
this ratio is 31 t o 16. With artificially-tripped and exposed fl owers the ratio 
in favor of first-crop flowers as compared with those of the second crop is 
as 49 to 34; when enclosed, this ratio is as 46 is to 48. The difference in the 
latter case favor s second-crop flowers. When fl owers are artificially cros -
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pollinated, the ratio in pod-setting favoring first-crop exposed flowers as 
compared with those of the second crop is as 56 is to 44; when enclosed, 
this ratio becomes as 56 is to 61. The difference in this case is also in favor 
of second-crop flowers. When first-crop flowers are considered alone in 
relation to both type of pollination and exposure treatment, it may be noted 
that exposed naturally-developed flowers show a significant higher percent-
age of pod-setting than do similarly treated enclosed flowers. When second-
crop flowers receiving these treatments are considered, no signi.ficant dif-
ference in percentage of flowers forming pods is to be noted. This is a point 
of considerable interest in relation to the noticeably poor seed-setting which 
occurs more or less regularly with second-crop flowers in July and early 
August. 
Injury to the buds and flowers caused by legume bugs has been sus-
pected as a cause of poor seed-setting in mid-season of each year. Flowers 
enclosed in kraft bags are afforded some protection against injury from this 
source. While exposed flowers are subject to some damage by injurious 
insects, they may also be benefited by occasional insects, useful as trippers 
and cross-pollinators. Certain wild bees and bumble bees have been observed 
to effect a small amount of tripping in the alfalfa fields of Utah. Honey-
bees work on the flowers, but in the Uintah Basin they have not been ob-
served to do any appreciable amount of tripping. Thrips are small insects 
capable of passing between the flower petals and the staminal column, 
without effecting tripping of the flowers. They are often carriers of pollen 
and may possibly be of importance in cross-pollination and consequently as 
a factor in seed-setting. It is not likely that naturally-developed flowers 
when enclosed in the bud stage are benefited by pollinating and tripping 
insects. A few thrips may accidently become enclosed with the flowers, 
but their activities must be greatly limited, once the kraft bag has been 
firmly secured about the alfalfa stems. During the early part of the season, 
or about the time the first flowers of the season are forming seedpods, bud-
injury, for which the legume bugs are held responsible, is not conspicuous, 
although these bugs are always present in the ,fields. Severe bud-injury 
usually becomes apparent about July 10. Previous to this time, first-growth 
flowers are but slightly damaged and the benefits derived from tripping and 
pollinating insects app.arently greatly exceeds any damage done by Lygus 
bugs. When other conditions are favorable, the final effect may be good 
seed-setting. On the other hand, enclosed flowers of the first crop are 
deprived of the benefits of pollinating and tripping insects, while protection 
afforded at this time by the kraft bag is of no special benefit. Other con-
ditions being equal, this state of affairs would naturally be expected to 
result in a poorer setting of seed for enclosed as compared with exposed 
flowers. If, at this time, artificial tripping and arti.ficial cross-pollination are 
resorted to as a means of providing for enclosed flowers, the benefits usually 
obtained from pollinating and tripping insects these enclosed flowers would 
be expected to set seed as well as exposed flowers, provided the bags, as 
such, were not a detriment to seed-setting. Experiments show this to be the 
case, since the artificially-tripped, exposed, and enclosed flowers of the first 
crop show seed-setting of 49 and 46 per cent, respectively. The artificially 
cross-pollinated flowers for the same period show 56 per cent of setting for 
both the exposed and enclosed flowers. All results, as regards percentage 
of flowers forming pods, are as good as might be expected. 
Results of this experiment may now be considered for the mid-season 
period when bud-injury is most conspicuous and when seed-setting is often 
noticeably the poorest. With the naturally-developed exposed flowers as 
compared with enclosed flowers of second-crop alfalfa, no significant differ-
ence in seed-setting is noted, although in both sets the percentage of flowers 
forming pods is less than for the first crop. It would appear, therefore, that 
exposed flowers in mid-season are damaged by injurious insects to a greater 
degree than they are benefited by tripping and pollinating species. Although 
naturally developed enclosed flowers suffer as usual from enclosure in bags 
at this time of the season, they also appear to have difficulty in making the 
physical and physiological movements necessary in seed-setting. Artificially 
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tripped and cross-pollinated second-crop flowers when exposed, and whose 
movements have been artificially provided for, show a significant decline in 
seed-setting, as compared with similarly treated first-crop flowers. This 
declin.e is probably the result of insect injury, since similarly treated flowers 
on the same plant, when enclosed, set seed equally as well and even better 
than did the artificially tripped and cross-pollinated first-crop flowers. This 
suggests the idea that the real cause of poor seed-setting with the second-
crop flowers from July 15 to August 15 of each year, in large measure, is 
due to causes other than the potential incapacity of the flowers to form 
seedpods. In other words, alfalfa flowers seem to be inhereQt1y capable of 
forming seedpods at all times during the season, but conditions of the 
environment, as well as injury by insects, may be such as to hinder in some 
degree the normal mechanical and physiological dynamics of the flowers. 
Insect injury to alfalfa flowers and buds is most conspicuous near the middle 
of the season; therefore, insects have been suspected as being a primary 
cause of comparatively poor seed-setting on arti'ficially-tripped and cross-
pollinated exposed flower§ at that time. 
Under conditions favorable for seed-setting, second-crop flowers may be 
expected to be equal or even to excel those of the first crop for seed pro-
duction. As a rule, however, at the Uintah Basin Experimental Farm these 
conditions do not prevail at the time the second-crop flowers come into 
bloom. While the Lygus bugs are known to do considerable injury to many 
alfalfa flowers left for seed purposes and that bud-injury resulting from 
their activities is most pronounced and conspicuous at the time the second-
crop flowers are usually in bloom, Lygus bugs are probably not the only 
cause of poor seed-setting in mid-season. Meteorological factors may be 
equally important in affecting the flower dynamics at this time. For ex-
ample, the mechanical processes of the flower may be influenced unfavorably 
by low variability in t emperatures and air humidity. The sudden expansion 
or contraction of .flower cells, due to sudden changes in the moisture of 
the air, has been considered as a condition affecting favorably normal flower 
dynamics and functions. These dynamics may also be stimulated artificially 
through artificial tripping, with the result that an improvement in seed-
setting follows . F ertilization of flowers may also be ensured by artificial 
cross-pollination, to the extent that seed-setting with enclosed flowers is 
as good in mid-season as at any other time. When artificially tripped flowers 
are protected from injury by legume bugs, seed-setting has been found to 
be as good for flowers on second-crop alfalfa as for those on first-crop 
alfalfa. 
FLOWER POLLINATION AND EXPOSURE TREATMENTS 
Percentage of Green Pods Maturing 
In previous discussions, the percentage of the flowers forming green 
pods was used as the measure of efficiency of flowers in seed-setting. Ob-
viously, it is no fault of the flowers if the pods formed became injured, lost, 
or fail to develop normally. Nevertheless, from the standpoint of the seed 
crop, the proportion of green pods that mature with normally developed seed 
is of paramount importance. Table 10 sho'Ys that the proportion of pods lost 
may range from 25 to 35 per cent, when flowers set a satisfactory percentage 
of pods, as in the case of the first crop in these experiments. With a lower 
percentage of the flowers forming seedpods, a correspondingly greater pro-
portion of pods fail to mature. For example, pods formed from second-crop 
flowers which have been subjected both to unfavorable environmental con-
ditions and to insect injury show an approximate loss in pods of SO per 
cent. In other words, it is found that approximately 30 per cent fewer pods 
from second-crop flowers reached maturity as compared with pods from 
first-crop flowers. It is also evident from Table 10 that type-of-exposure 
treatment applied to flowers from which the pods were formed produced no 
significant effects on the proportion of g reen pods reaching maturity. Ap-
parently seedpods, as such, are less subj ect to injury by in sects or other Ul1-
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favorable conditions than are the ovaries and ovules of the unfertilized 
flowers. 
Table 10.-Showing the percentages of the green pods formed. as a result of various pol-
lination and exposure treatments of alfalfa flowers which mature with normally 
developed seeds. by p rogeny classes. crops and flower treatments. (Relative per-
centages are based on Progeny Class I. naturally developed flowers. and on ex-
posed flowers as 100 per cent.) 
Progeny 
Classl II II 
Type of Flower Treatment2 II 
Crop _-::-:---:---;-_E-,-x..:..PQ,-s_e_d;--:;:::-_--':-:II;---::-;-:----;-E_n_c-,-lo_s,-ed_;--=-_ R(l~~ve 
Nat. Art. Cross II Nat. Art. Cross 
I 
III 
Il l~J II ~?:~ ~g:1 ~~:~ II ~~J ~t~ ~&:f II 
Mean 63.5 54.3 54.9 54.4 60.0 63.7 II 95.6 
G_neral M.ean by Crops 
12sJ II ~~:~ I ~~J I ~~:i II 
General Mean by Pollination Treatment 
1st 62.2 57.3 63.2 
and 
2d 
General Mean by Exposure Treatment 
1st II Exposed I 60.9 II 
and Enclosed 61.5 
2d I 
73.2 
42 .. 2 
63.5 
56.5 
75.1 
59.0 
57.6 I 60.0 I 67.0 
Nat. development 
Art. tripping 
Cross-pollinated 
lFor definition of progeny classes. see Figure 3 and discussion pp. 18-20. 
2For definition of flower treatments. see Table 8 and discussion pp. 25-28. 
Effects in Relation to Number of Seeds per Mature Pod 
11
100.0 
73.7 
100.0 
97.8 
108.6 
11
100.0 
100.9 
Another factor of importance in regard to the commercial seed crop is 
the number of normal and fully developed seeds forming in the mature pods. 
With average yields, the number of normal seeds per pod average about 
three or four, although the number of ovules or potential seeds per pod is 
often three or four times this number. 
In these experiments the number of seeds per pod obtained for all flower 
treatments is below the usual average. Table II shows that on the average 
the type of pollination treatment applied to the flowers from which pods 
were formed have produced small and probably insignificant differences in 
the number of seeds per pod. On the average, the artificially tripped flowers 
produced the fewest seeds per ppd, while the cross-pollinated flowers pro-
duced the greatest number. A significant difference with respect to number 
of seeds per pod was obtained in the case of enclosed as compared with 
exposed flowers, the former producing approximately 25 per cent more seeds 
per pod. Since enclosing flowers has been shown to serve largely as a pro-
tection against injurious insects, it appears that various degrees of injury 
may result from their activities. Apparently, as a result of insect activities, 
some flowers are rendered entirely incapable of forming pods. Other flowers 
may form pods, many of which fail to reach maturity, while s till others reach 
maturity but contain less than the normal number of seeds. Since the ovules 
are the essential parts of the ovaries and the most sensitive parts of the 
entire plant. the injury done by insects may be most keenly felt at this point. 
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Table H.-Giving the number of seeds per mature 'pOd resulting from different pollination 
and exposure treatments of alfalfa flowers. Showing the relative number of seeds 
in percentage by progeny classes, crops and flower treatments, based on the 
progeny from open-pollinated flowers, first-crop, naturally developed, and ex-
posed flowers as 100 per cent. 
Progeny 
Classl 
II 
III 
IV 
II II 
Type of Flower Treatment2 II 
Crop _-=-=-...,..--;-E_X'pO-7--.,...se_d--:---::::--_7."c---=-=-...,..----;"E_n_c..,..lo....,s,...ed--:,.......,~- R(!;,sve 
Nat. Art. I Cross II Nat. I Art. I Cross 
II
l1J II t~1 L~~ I i:~! III ~:~~ I L~g I ~:~~. II 
Mean 1.57 1.57 I 1.77 2.17 I 1.84 I 2.28 II 100.0 
II
l1J II ~:~~ t6~ I L~~ III b:~~ I L~~ I ~:g~ III1 
Mean 1.43 1.14 1.30 1.04 1.78 2 .. 02 t 79.1 
II 1st II Lg~ ~:~ I i:~~ II 2.00 I 1.63 I ~:6~ II Me;~ 1.92. 1.28 1.76 Lg~ I ~:~~ 2.10 99.1 
92.7 
General Mean by Crops 
IlJ II t~~ I tg~ I t~~ II ' 
General Mean by Pollination Treatment 
a~~ II 1.61 I 1.36 I 1.61 II I, 
II I I 
General Mean by Exposure Treatment 
1st II I II 
and II Exposed \ 1.53 II 
2d I! Enclosed 1.91 
IFor definition of progeny classes, see Figure 3. 
1.84 
1.74 
1.70 
1.98 
2.03 
2.16 
1.81 I 1.83 I 2.09 
Nat. development 
Art. tripping 
Cross-pollinated 
2F'1ower treatments the same as for Tables 8, 9, and 10. 
1/
100.0 
86.3 
100.0 
93.3 
108.1 
11
100.0 
124.8 
ANALYSIS BY VARIANCE OF DATA FROM FLOWER 
POLLINATION AND EXPOSURE TREATMENTS 
As explained previously, alfalfa plants used in the study of flower ex-
posure and pollination treatments in relation to pod-setting were grouped 
into 16 minor divisions, based on four progeny classes and four sub-families. 
An equal number of plants and flowers from all minor sub-divisions of the 
main progeny were given the various pollination treatments. Occasionally, 
a few of the treated flowers could not be re-Iocated at the time the results 
were checked; these plants, therefore, were discarded and only those having 
complete data for all treatments were considered in the calculations. 
The usual procedure in analysis of variance was followed. The total 
sums of squares was first calculated, after which the variance between plants 
within lines originating from the same parents was determined. The variance 
between lines within a minor division but originatng from different parents 
was also determined. The variance from these two sources was found not 
to differ significantly, which is evidence that plants within lines and between 
lines of each minor division of the progeny are essentially alike and consti-
tute a random sample of a homogeneous population. With variance due to 
plants within and between lines eliminated, the remaining portion of the 
total variance, as shown by the analysis, is that due to pollination and ex-
posure treatments on the same plants. This residual portion of the total 
variance was divided into that due to (1) type of exposure, (2) type of 
pollination treatment, and (3) interaction between plants and exposure and 
pollination treatments. With these sources of variation eliminated by a 
Table 12.- The results of an analysis of variance of data showing number of green pods formed per 100 alfalfa flowers receiving different pol-
lination and exposure treatments. (Statistical constants to be used with data for Table 8). 
-----
Analysis of Variance (Mean Squal'e) 
Flower Treatments 
Progenies I Nat.",. Arti-Exposed 
and and ficially Tripped Subfamilies and Cross-Enclosed Pollinated 
D-F3 I M-Sq.3 I D-F I M-Sq. 
A 
I B 
C 
D 
A 
II B 
C 
D 
A 
III B 
C 
D 
A 
IV B 
II C D 
INot statistically significant. 
2Not exactly O. but nearly so. 
1 15 
1 21 
1 36 
1 56 
11 5 
1 0 1 •2 I 
1 36 
1 26 
1 16 
1 0 1 •2 I 
1 29 
I 1 13 
1 25 I 
1 0"21 1 39 
1 19 
3D-F = Degrees of freedom; M-sq.=Mean square. 
2 I 25 
2 I 55 
2 I 124 
2 I 99 
I 
2 I 41 
2 I 28 2 129 
2 I 142 
I 
2 42 
2 57 
2. 172 
2 192 
I 
2 I 82 
2 I 42 2 182 
2 I 183 
I Interactions 
I 
I I Betw". Expo",d Between Plants Between Plants and Enclosed and 
Exposed and a~d. ~atural Natural and Arti-
Enclosed ArtIficial Cross ficial Cross 
I D-F I M-Sq. I D-F I M-Sq. I D-F I M-Sq. 
21 I 3.6 42 2.8 I 2 5.0 
23 4.7 46 5.7 2 1.0 
23 7.0 46 4.0 2 9.5 
18 3.1 36 4.1 2 26.0 
23 4.5 46 5.4 2 19.5 
23 
I 
1.4 46 3.9 2 4.5 
22 2.7 44 4.2 
I 
2 15.0 
22 7.0 44 5.1 2 2.9 
21 4.3 42 2.7 2 5.5 
24 2.7 48 4.9 2 8.5 
22 5.0 44 4.7 2 4.0 
2.4 5.4 48 7.1 2 3.5 
I 21 2.4 42 3.5 2 8.5 
20 5.6 40 5.0 
I 
2 2.5 
21 2.5 42 5.4 2. 11.5 
20 3.2 40 4.8 2 10.0 
- --- --
Error or 
Remainder 
D-F I M-Sq. 
42 I 3.5 
46 2.3 
46 4.7 
36 2.2 
46 3.6 
46 2.8 
44 2.2 
44 1.6 
42 3.2 
48 1.3 
44 3.0 
48 I 4.5 
I 
42 I 3.4 
40 I 3.3 
42 I 3.4 
40 I 2.0 
:> 
!;; 
> 
t"' 
'>1 
~ 
~ 
I!l 
C 
Z 
< 
1:1 
::! 
C') 
> ~ 
6 
~ 
Z 
c:: 
~ 
> 
::t: 
N 
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continuation of the calculation, the residual mean square is that unaccounted 
for and is considered as the error. The ratio of the residual mean square to 
the larger mean squares, representing known sources of variation, is desig-
nated as the F-value, which is used in the manner suggested by Snedecor 
(12). In this calculation, the F -value for exposure treatment is 4.20, which 
is slightly larger than the tabular value 4.02, corresponding to Fisher 's 5 per 
cent point. Therefore, the difference in pod-setting with flowers exposed to 
open-field conditions, as compared with being enclosed in kraft bags, is 
approaching significance. In other words, calculations show that differences 
in percentage of flowers forming pods are likely due to conditions provided 
by exposure treatments and are not apt to be due to random variations. 
The F-value for ·pollination treatments is 7.1, which is not only considerably 
larger than the highly significant tabular value 5.06 but is evidence of a 
high degree of significance for differences in pod-setting resulting from 
pollination treatments. 
Having established the sifnificance of a difference resulting from, expo-
sure and pollination treatment, it then becomes necessary to establish a 
significant quantity in terms of percentage of flowers forming seedpods. 
The rule gives the standard error of a difference as the square root of the 
sum of the mean squares of two treatments, which in turn is multiplied by 
tabular values to obtain significant differences interpreted in terms of odds 
of 5 in 20 trials, or 1 in 100 trials (Fisher's tables). These calculations have 
been made for all complete data in the 16 minor diyisions of the second-
generation progeny. In 12 of the 16 cases, differences in the percentages 
of pod-setting between exposed and enclosed flowers are statistically signifi-
cant. Those cases in which differences are not significant are for fi r st-crop 
alfalfa, whose flowers functioned at a time when conditions for pod-se tting 
were most favorable and insect injury the least severe. Differences between 
exposed and enclosed fl owers are greatest in case of naturally developed 
flowers. Comparatively slight differences in pod-setting occur between exposed 
and enclosed artificially tripped and cross-pollinated flowers. With second-
crop alfalfa, on which flowers attempt to set seedpods at a time when seed-
setting conditions are not favorable and when bud-injury is most conspicuous, 
enclosed flowers in all minor divisions of the progeny set a significantly 
higher proportion of pods than did the exposed flowers. When bud-injury 
becomes conspicuous, the kraft bags afford the flow er a high degree of 
protection against insect injury. Statistically significant differences are ob-
tained in pod-setting resulting from pollination treatments in all of the 16 
sub-divisions 0.£ the progeny, regardless of the crop or of the time of the 
season. Differences due to interactions between plants and exposure and 
pollination treatments in most cases are insignificant. In other words, 
effects of exposure and pollination treatments tend to be the same on all 
plants used in this experiment. As a rule, naturally developed exposed 
flowers set a higher proportion of pods on first-crop alfalfa than do the 
endosed. Differences for artificially tripped and cross-pollinated flowers are 
variable and often insignificant. The r eason for this lies in the fact that 
when first-crop flowers are setting pods, bud-injury resulting from insect 
activities is r elatively unimportant and exposed flowers are not injured to 
the same extent as occurs in mid-sea~on with second-crop flowers . Enclosed 
fl owers on the first crop are not favored greatly at this time from protection 
afforded by the kraft bags; instead, they are deprived of the help that may 
result from an occasional tripping and pollinating insect. The difference 
in percentage of flowers forming seedpods between naturally developed, 
exposed, and enclosed flowers of the second crop is usually not large and 
in most cases is statistically insignificant. In mid-season exposed flowers 
are injured by insects, resulting in the formation of few er pods. Enclosed 
flowers also form fewer pods in mid-season, not because they are injured by 
insects but because of other unfavorable conditions, which apparently hinder 
the physical or physiol ogical dynamics of the flower. Evidence of this is 
furnished when second-crop flowers are artificially tripped or (ross-pollinated 
and then enclosed for protection against insects. The percentage of pods 
formed under these conditions is equal to or even exceeds that for similarly 
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treated first-crop flowers. The potential seeding capacity of second-crop 
flowers, apparently, is fully equal t o 'that of the first crop. 
Differences in pod-setting resulting from various flower treatments are 
greater, as a rule, with enclosed than with exposed flowers. This is par-
ticularly true with flowers of first-crop alfalfa. Under favorable conditions 
naturally developed flowers often equal in seed-setting those artificially 
tripped but do not quite equal those cross-pollinated. Under unfavorable 
conditions, or when bud-injury is conspicuous, naturally developed fl owers 
have not equaled the artificially tripped and cross-pollinated flowers in pod-
setting. The apparent reason for this is that artificially tripped and cross-
pollinated flowers begin to wilt soon after being tripped and thereafter a re 
probably not so susceptible to insect injury. Naturally developed fl owers 
may remain in the full-bloom stage several days before forming seedpods, 
during which time they are constantly subject to injury by Lygus bJ,lgs. 
THICKNESS OF ALFALFA STANDS IN RELATION TO 
SEED YIELD 
Rate of Seeding in Drilled Stands 
The degree of thickness of stand has been generally regarded as a facto r 
of foremost importance in the production of alfalfa-seed. An experiment to 
determine the effects of different rates of seeding alfalfa on yield of seed 
was begun in 1927 at the Uintah Basin Alfalfa-seed Experimental Farm. 
It was found that stands of alfalfa should be secured by planting as little 
as 2. pounds of seed to the acre and as much as 9 pounds; these stands 
ranged from thin to extremely thick. It was also found, however, that 
factors other than rate of seeding (such as condition of the seedbed, amount 
and frequency of irrigation, and control of weeds in the seedling stand) 
influenced thickness of the final stand. 
In 1932, when because of poor seed prospects alfalfa on the plats of 
this experiment was cut for the hay crop, it was discovered that rate of 
seeding and thickness of stand did not influence amount of vegetative 
growth, as much as might be expected, provided weeds were held under 
control. This does not imply that alfalfa should not be sown in thick stands 
when desired for hay, since the seeding of 9 pounds to the acre produced 
hay of finer quality and since because of a dense stubble it was harvested 
with less dirt and dust. 
During seven years four seed crops have been produced in rate-of-
seeding experiments which are sufficiently high in yield to give some indi-
cation of the comparative value of thick and thin stands of alfalfa for seed 
producton. As shown in Table 13, the seed crop of 1931 was a complete 
failure on all plats included in this experiment. This may serve as a warning 
that seasonal conditions affecting seed-setting in alfalfa in some years may 
be so adverse as to render both thin and thick stands ineffective toward 
insuring a satisfactory seed crop. Three cuttings of hay were harvested 
from the plats in 1932, the year following the seed crop failure, without the 
application of irrigation water or other cultural treatment intended to stimu-
late forage growth beyond that usually obtained in seed years. An average 
acre-yield for 1932 of 6 tons of field-dried hay is evidence of the continued 
fertility of the plats and of the availability of soil moisture from ground-
water, following several years of seed-growing. At the Uintah Basin ' Ex-
perimental F arm, soil fertility and moi sture conditions have never been 
regarded as limiting factors of importance in relation to alfalfa-seed crop 
failures. In 1933, observations made during the first-bloom period again 
indicated that conditions were not satisfactory for seed-setting. On the rate-
of-seeding plats, therefore, alfalfa was cut in a late stage for hay. A s the 
season advanced, the later alfalfa flowers in nearby plats (alfalfa in hills) 
showed an improved tendency to seed. It is now believed that had not the 
first growth in the rate-of-seeding plats been cut for hay, a seed crop 
approximately equal to that recorded for 1930 would have resulted. The 
1934 seed crop is the highest obtained from rate-of- seeding plats during the 
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Table 13.-Comparing acre-yields of seed from alfalfa sown in drilled stands at the rate 
of 2. 4. and 9 pounds of seed to the 'acre for four years and yield of forage (in 
tons) . 1932. 
Crops iri Season Favorable or Unfavorable for Seed 
Production (Re-cleaned seed in pounds) 
Treatment F'avorable II Unfavorable 
II Hay Seed Acre-yield of Seed by Seasons Means (tons) (lbs.) 
Plat I 1928 I 1929 I 1930 I 1934 I Plats I Treat. II 1932 1931 
Rate of Seeding 
I I 
C-8 260 230 ' 145 330 241 5.55 90 
2 lbs. per acre C-12 245 135 125 360 216 234 6.02 50 
D-10 305 175 85 420 246 6.27 40 
C-9 295 180 175 352 250 5.58 80 
4 lbs. per acre C-ll 270 85 55 380 197 200 6.34 35 
D-12 250 65 35 272 155 6.45 30 
C-10 290 100 45 290 181 6.48 45 
9 lbs. per acre D-9 '330 65 45 335 194 175 6.38 45 
D-l1 240 80 15 265 150 7.10 25 
Mean I 276 I 124 I 81 I 334 I 203 I II 6.24 I 48 
Sig. Difference between Mean of Treatments for Seed-32 lbs. 
Sig. Difference between Mean of Treatments for Forage-.63 ton. 
Analysis of Variance! 
Sources of II De~~ees I Sum of I Mean I F-value I .05 .01 Variation Freedom Squares Squa.re 
Total 35 474.601 
Rate of Seeding (treatment) 2 21.406 10,703 6.95 3.63 6.23 
mocks 2 9,822 4,911 3.18 3.63 6.23 
Seasons 3 393.281 131,093 85.12 3.24 5.29 
Interaction: 
Rate of Seeding and Season 6 13,231 2,205 
Block and Season 6 12,212 2.035 
Error 16 24.649 1.540 
IStatistical calculations based on data for favorable seed years only. 
period of the experiment. As 'in 1928, when acre-yields were high, different 
rates of seeding in 1934 produced no significant differences in alfalfa-seed 
yields. Individual plats which had produced high yields in 1928 were again 
high in 1934, even though a few of these plats produced markedly low yields 
in 1929 and 1930. 
Interpretation of Results 
With soil fertility and soil moisture factors eliminated as having a 
bearing on the comparatively low yields of seed in 1929 and 1930 as well as 
on the complete failure in 1931 attention may be focused upon other rela-
tionships and conditions of probable significance. Certain elements of the 
weather have usually been regarded as factors of considerable importance in 
alfalfa-seed growing. The general opinion, in fact, has been that weather 
and climate are the important limiting conditions in alfalfa-seed production, 
as regards the eastern and the western portons of the United States and to 
some extent as regards districts within important alfalfa-seed regions, such 
as Utah. In the best seed districts of Utah the weather varies only slightly 
from year to year, but slight variation nevertheless may be the primary or 
contributing cause of wide fluctuations in yield from one year to another. 
By reference to Figure 5 it may be noted that plats showing marked declines 
in seed yield-s for a given season tend to be together in groups. They are 
conspicuous in the 9-pound seedings, which have the thickest stands as well 
as in those seedings which, because of extra fertile soils, have produced 
finer stems and a more succulent growth. From 36 yield records obtained 
from this experiment in two favorable and two moderately favorable seed 
years, ten (28%) of the yields have been outstandingly low. Of these ten 
low yields, five have occurred on the plats of the 9-pound seeding, four on 
those of the 4-pound seeding, and one on the 2-pound seeding. 
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Variations in seed yields of plats in groups in this manner cannot be 
attributed directly to a difference in weather conditions prevailing over the 
experimental area. The suggestion, therefore, occurs that the comparative 
thickness of alfalfa stands is in some way related to the low seed yields of 
some years. Thick and succulent stands of alfalfa are known to favor 
legume bugs (Lygus sp.) which do considerable injury to buds and flowers 
of alfalfa. Since those plats which show a marked decline in yield are often 
adjacent and in groups, a concentration of these bugs in affected areas may 
be suspected. A few plants showing markedly low yields in one year were 
sometimes similarly affected in the following year. This is particularly true 
ot the stands resulting from 4-pound and 9-pound rates of seeding. At no 
time, however, were light-seeded drilled stands, row-spaced, or hill-spaced 
plats of alfalfa affected by markedly low yields for more than one year in 
succession. In 1934, as shown in Table 13, when conditions were generally 
favorable for seed-setting, those plats having thick stands, which previously 
produced markedly low seed yields, were high and on the average about 
equal in seed yield to plats with thin stands. This would indicate that 
factors responsible for low yields occur periodically and that soil and 
probably soil water relationships for the various plats have not been at fault 
sufficiently to be responsible for low and fluctuating yields of previous years. 
The 1931 alfalfa-seed crop failure was practically statewide, but it was 
particularly severe in the specialized seed districts of Millard County and 
in the Uintah Basin. The causes for this condition have not been definitely 
determined. It is possible, however, that weather conditions bear some 
relationship to Lygus bug activities. For example, a constant population of 
Ly gus bugs may be more destructive in some years than in others because 
of the effects of certain weather conditions on alfalfa flowers. When, because 
of unfavorable weather, alfalfa flowers remain unduly long in the full-bloom 
stage, the time in which they are subject to injury by insects being pro-
longed, with a resulting greater damage to the seed crop. If the period of 
full bloom in the flowers is snortened, as in the case of heavy seeding 
strains, the period in which insect damage is likely to occur is greatly 
shortened. . 
Under conditions of this experiment, it has not been possible to differ-
entiate definitely between effects of insect injury, weather conditions, and 
thin stands, as such, in relation to alfalfa-seed yields. The analysis of vari-
ance, however, shows a significant difference for spacing treatments of the 
plants. 
Yield averages shown ' in Table 13 indicate that the 2-pound seeding 
gave a higher acre-yield than the 9-pound seeding. The question still remains 
as to whether the difference is due to the condition of the stand, as such, 
or to a tendency of Lygus bugs to concentrate and do damage in thick 
stands where the growth of alfalfa is more succulent and more protection 
is offered them from the intense heat of summer. The experiment, however, 
shows definItely that, on the average, thin-drilled stands of alfalfa are 
better than thick stands for seed-growing. In some especially favorable 
years, however, the thick stands may be practically equal in value to the 
thinner stands for seed purposes. In commercial seed-growing thin stands 
may be obtained by sowing as little as 2 pounds of seed to the acre. 
HILL-SPACED ALFALFA FOR SEED PRODUCTION 
Many observations have been reported in which isolated alfalfa plants 
apparently set seed more profusely than those in all but the thinnest stands. 
For the purpose of determining the value of isolated hill-spaced alfalfa for 
commercial seed-growing, sowings were made of Utah Common alfalfa 
with plants 14 x 28, 21 x 2.8, 28 x 28, 35 x 2:8, and 49 x 28 inches apart. In 
most cases single plants were left in each hill after the final thinning; occa-
sionally, however, two or even three plants were left growing together. 
Yield data from this experiment for a 7-year period, during which two 
favorable and two moderately favorable seed crops were obtained, are given 
in Table 14. The 1931 seed crop was a practical failure, and since seed-
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Table l4.-Comparing acre-yields of seed produced by alfalfa sDaced in hills at various dis-
tances (by years) and comparing yiled of forage proudced by the same plant, 1932. 
Cro:ps in Seasons Favorable and Unfavorable for Seed Production 
(Re-cleaned seed in p ounds) 
Favorable I Unfavorable Treatment I I Hay \ Seed (inch hills) Acre-yield of Seed by Seasons Mean (tons) (lbs.) 
Plat I 1928 I 111ZlI I 1930 I 1934 I Plats I Treat. I 1932 I 1931 I 1933 
I 
I I 
I I 
14 x 28 A-15 370 II 210 235 350 291 I 5.92 30 
I 
I 
B-17 410 275 240 195 280 278 5.75 45 182 
D-16 395 l 245 280 140 265 I 
5.17 45 155 
21 x 28 A-16 400 235 I 325 335 I 324 5.86 30 I I C-14 365 I 230 I 240 217 263 282 5.96 45 I 205 D-17 350 245 I 280 167 260 I 4.64 55 I 160 I 28 x 28 A -17 420 
I 
295 I 365 257 334 5.42 35 I 95 C-15 380 210 265 185 260 I 261 5.33 50 210 
D-13 310 80 I 210 162 190 I 5.06 50 I 180 
35 x 28 B-15 335 I 260 265 195 264 \ 5.14 40 I 
220 
C-17 305 205 300 152 240 250 4.87 50 I 
D-14 375 155 270 185 246 I 5.19 55 205 
49 x 28 B-16 345 265 285 152 262 
\ 
5.17 45 I 180 
C-13 290 130 225 185 207 234 4.48 55 
I 
147 
D-15 325 190 265 160 235 4.61 55 145 
I 
Mean I 358 I 215 I 270 I 202 I 261 I ...... r 5.23 I 45 I 173 
Sig. Difference between Means of Forage-0.63 ton. 
Total 
Spacings 
Blocks 
Seasons 
Sources of 
Variation 
(treatments) 
Interaction: 
Spacing and Season 
Blocks and Season 
Error 
INo data 
Analysis of Variance2 
I Degrees I Sum of I Mean Fre~~om Squares Squares 
59 374,323 
4 18,949 4,737 
2 34,655 17,327 
3 225,978 75,326 
I 984 12 11,812 1,477 6 8,865 2,314 32 74,064 
I F-value I 
7.49 
32.55 
2Statistical calculations based on data for favorable seed years only. 
.05 .01 
3.32 5.39 
2.92 4.51 
setting did not show an improvement by 1932 most of the alfalfa at the 
Experimental Farm was cut for hay. Acre-yields of field-dried hay from 
three cuttings on hill-spaced plats are shown in this same table. The high 
acre-yields of forage is evidence of the vigorous vegetative growth of the 
plants, in a year when they did not set seed. By 1933 seed-setting showed 
some improvement. During the early part of the season, however, conditions 
were not sufficiently encouraging to permit the alfalfa on all farm plats to 
stand for seed. Therefore, only those plats showing the strongest tendency 
to set seed when the first crop of flowers were in full bloom were left uncut. 
These included nearly all of the plats in w-hich alfalfa was hill-spaced. A 
few of the hill-spaced plats, however, were cut for hay since the plants 
began to show many blasted buds. As the season advanced, ' seed-setting 
improved markedly, with later crops of flowers . Recorded 1933 seed yields 
are given in Table 14, but because of incompleteness in the data they are 
not included in the statistical calculations with yields for years regarded 
as favorable. 
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Interpretation of Results 
The statistical analysis of the variance in the seed yields obtained from 
alfalfa in hill-spaced plats during four seasons of seed production shows no 
significant differences resulting from the various spacings. A significant 
difference for blocks is obtained, which indicates that soil conditions are 
factors of some importance in yield of alfalfa-seed. The greatest variations 
in yield, however, are between seasons for which a satisfactory explanation 
has not been found. From a total of 60 yield records obtained from the hill-
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Fig. 5-Illustrating the experiment field used for testing rate-of-seeding in drilled stands, 
row-spacing, and hilLspacing alfalfa for seed production. Plats showing marked 
declines in seed yield in a given season have a tendency to occur in groups and to 
show severe insect injury or bud-blasting. The 4-pound and 9-pound to the acre 
drilled stands have shown the .greatest and most frequent declines in seed yields. 
One hill-spaced plat (D-13), which lies adjacent to the thick drilled stands, showed 
injury and gave a low seed yield in one year. Two adjacent row-spaced plats 
showed similar injury in the same year. The occurrence in groups of plats having 
plants showing blasted buds suggests a concentration of legume bugs in affected 
areas. The remaining plats of the area were affected to a less extent by bud-injury 
and low yields. 
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spaced plats in four favorable or moderately favorable seed years, only one 
is outstandingly low. As shown in Figure 5, this exceptional plat lies adja-
cent to several other plats in the group comprising the rate-of-seeding 
experiment which also shows reductions in yield of seed in 1929. It is be-
lieved that the thick stands and succulent growth of the plats seeded at the 
rate of 4 to 9 pounds of seed to the acre harbored an unusual concentration 
of Lygus bugs in 1929. The fact that but one yield out of 60 from hill-
spaced alfalfa is markedly low during the four years, as compared with 
two out of 48 for the alfalfa in rows and 10 out of 36 for the drilled stands, 
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Fig. 6-Comparing the average acre-yields of seed for four years from plats in which 
alfalfa is hill-spaced, row-spaced, and sown in drilled stands at the rate of 2. 4, 
and 9 llounds of seed to the acre. Yields in the hill-spaced plats have excelled in 
three of the four years. In 1934. however, drilled stands exceeded in yield both 
hill-spaced and row-spaced plats. It appears that the thickness of the alfalfa stand 
bears a definite relationship to insects which produce bud injury, in thi£ way 
affecting the seed yield in some years. 
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is evidence of the possibility that thic.kness of the alfalfa stand in some way 
bears a relationship to insect activities and to bud injury. 
I t is clearly evident from Figure 6 that hill-spaced alfalfa excelled in 
yield of seed in three of the four years and has the highest average pro-
duction of seed for the period of the experiment. Yields are especially high 
for the first seed crop in 1928, when the plants were one year old. It would 
be suspected that age of plants is a factor of importance in relation to seed 
yields, but for the fact that two plats (A-IS and A-16, both with 7-year old 
plants) gave yields in 1934 practically equal to those when the plants were 
one year old. This is of considerable interest in view of the fact that 7-
year-old plants had developed large and dense crowns which in some cases 
appeared to be "sod-bound," as often occurs with some grass plants. This 
experiment indicates further that hill-spaced alfalfa may be expected to 
yield seed more consistently over a period of unfavorable seasons. However, 
in favorable seasons, such as 1934 proved to be, drilled stands may equal or 
even excel hill-spaced alfalfa in seed production. Hill-spaced plants develop 
a more profuse bloom, more woody stems, and less ~ succulent vegetative 
portions generally. They also provide a less complete ground-cover and 
afford less protection for the nymphs of Lygus and superb plant bugs. These 
growth characteristics of hill-spaced plants may be the reason for less bud-
injury resulting from insect activities and in this way influence the yield 
of seed. Hill-spacing of alfalfa for seed production will probably find its 
greatest usefulness in alfalfa nursery and breeding work, where consistency 
and dependability in yield of seed is desired more than convenience in 
cultural and harvesting operations. In view of results obtained from the 
1934 experiments, it is not certain that hill-spaced alfalfa will prove to be 
consistently better than ordinary drilled stands in commercial seed produc-
tion over a long period of years. 
ROW-SPACED ALFALFA FOR SEED PRODUCTION 
Row-spaced alfalfa in relation to yield of seed has given results whic.h, 
in general, are similar to those reported for drilled rate-of-seeding and hill-
spaced alfalfa experiments. On the average, seed yields for row-spaced 
alfalfa is less than for hill-spaced plats but about equal to those from the 
thinly drilled stands. A few especially significant resutls may, however, 
be noted from a study of Table 15. The 1934 yields of some plats equal 
those of 1928. This is evidence that old alfalfa plants may be fully equal 
to younger plants for seed purposes, provided other conditions for seed-
setting are favorable. While average seed yields for row-spaced plats are 
slightly less than those for hill-spaced plats, differences may not be highly 
significant. Factors influencing seed-setting appear to affect row and hill-
spaced alfalfa plants to approximately the same degree, as is evidenced 
from the fact that the high and low seed years are the same for both 
experiments. Row-spac.ed plats, however, show two markedly low yields, 
in four seed years, from a total of 48 cases as compared with one from a 
total of 60 cases in the hill-spaced alfalfa. It appears that the marked 
decline in yields on these two plats resulted from bud-injury, probably 
caused from a concentration of legume bugs. The fact that injured plats in 
row-spaced alfalfa were adjacent to each other and to the one in hill-spaced 
plats adjacent to a plat showing similar injury in the rate-of-seeding experi-
ment is evidence of a cause operating qqite independently of conditions on 
the remaining portion of the experimental area. 
Interpretation of Results 
The statistical analysis of the variance in seed yields obtained from 
alfalfa in row-spaced plats during four favorable or moderately favorable 
years shows no significant differences resulting from various distances be-
tween row s. A significant difference for blocks of land in the experimental 
area is obtained, however, showing that soil factors influenced yields in this 
experiment to approximately the same degree as in hill-spaced and rate-of-
seeding experiments. As in case of the other experiments, differences due 
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Table 15.--Comparing acre-yield of seed produced by alfalfa grown in rows by years and 
the yield of forage for the same plants, 1932.1 
c rops In Se asons F bl avora e or U f n avora e or bl f Seed P roductJon 
Treatment Favorable II Unfavorable 
(by row) 
" 
II Hay I Seed Acre-yield of Seed by Seasons (lbs.) Mean (tons) (lbs.) 
Plat I 1928 I 1929 I 1930 ! 1934 II Plats I Treat. " 1932 I 1931 
I A-8 385 230 195 260 267 6.02 I 50 21-inch A-12 300 120 175 310 226 237 5.71 25 
B-11 275 155 105 340 219 6.39 
\ 
25 
A-9 420 205 205 295 281 6.02 I 40 
28-inch A-14 835 120 180 292 232 224 6.26 
I 
25 
B-12 175 70 105 295 161 5.95 25 
A-I0 340 150 200 265 239 5.12 
I 
25 
42-inch B-8 310 255 155 252 243 224 4.86 45 
B-13 285 65 170 250 192 5.60 35 
I 
II 
A-11 282 110 210 205 202 4.84 
I 
25 
49-inch B-9 295 205 195 
I 
235 232 215 4.57 60 
II B-14 260 150 220 215 211 4.81 35 I 
Mean 305 I 153 I 176 I 268 II 225 I 
" 
5.51 I 34 
Sig. Difference between Means of Treatment for Forage-O.68 ton. 
Analysis of Variance1 
Sources of I Degrees I Sum of I Mean I F-value I Variation of Squares Square .05 .01 Freedom 
Total 47 806,378 
Spacings 3 3,022 1,007 
Blocks 2 22,587 11,293 5.18 3.40 5.61 
Seasons 3 189.993 63.331 29.06 3.01 4.72 
Interaction: 
Spacings and Seasons 9 20,198 2.244 
Blocks and Seasons 
I 
6 18,268 3,047 
Error 24 52,310 2,179 
1Statistical calculations based on data for favorable seed years only. 
to seasons are most pronounced. As an average for the entire period of the 
experiment, row-spaced plats have given seed yields approximately identical 
in all respects to those from the 2-pound-to-the-acre drilled stands. While 
seed yields of row-spaced plats exceeded those from hill-spaced plats in 
1934, the average of rows for the full period of the experiment is somewhat 
less. It appears that row-spacing is of doubtful advantage in commercial 
alfalfa seed-growing, as compared with light-seeded drilled stands. In nursery 
work, row-spaced plants do not have the special merit of hill-spaced alfalfa, 
when isolation of types and consistency in seed yield is desired over a period 
of years. 
COMPARATIVE VALUE OF HILL-S'PACED, ROW.SPACED, 
AND DRILLED STANDS OF ALFALFA FOR 
SEED YIELD 
With evidence of the comparative uniformity of the soils within the 
experimental area and having demonstrated the statistical insignificance of 
differences due to wide and narrow spacing of rows and hills, it is possible 
to make a significant comparison of the relative value of hill-spaced, row-
spaced, and drilled stands of alfalfa in relation to seed yield. Mention has 
already been made to the effect that spacing alfalfa plants and the nature 
of the drilled stands, as such, are not directly the determining factors in 
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Table IS.-Comparative value of hill-spaced, row-spaced, and drilled stands of alfalfa for 
seed production. 
Treatment No. Yields Recorded 
Average Acre-yield for 
Four Seed Years (lbs.) 
Hill-spaced 
Row-spaced 
Drilled Stands 
2-pounds to the acre 
4-" ., H " 
9- " 
60 
48 
12 
12 
12 
Sig. Difference between stand treatments-54.46 lbs. 
Analysis of Variance 
Source of Variation I De~ees I Sum of Mean I Squares S F-value Freedom quares 
Total 
I 
143 1,237,369 
Stand Treatment 4 103,473 25,868 5.47 
Seasons 3 490,865 163-,621 
Within (interactions) 136 643,031 4,728 
261 
225 
2.34 
201 
175 
.05 
2.44 
.01 
3.47 
seed production. It has been shown that the thickness or thinness of the 
stand appears to bear a direct relationship to habits of certain insects, which 
are injurious to alfalfa flowers. It is in this indirect relationship that hill-
spaced, row-spaced, and various densities of drilled stands may be con-
sidered in relation to the yield of alfalfa-seed. 
For the period of this experiment, as shown in Table 16, it is evident 
from averages based on a total of 144 seed yield rec:ords obtained from hill-
spaced, row-spaced, and drilled alfalfa stands of different densities, that thin 
spacing of the plants generally resulted in comparatively higher yields of 
seed. Analysis of results by the variance method shows the differences to 
be statistically insignificant between yields obtained from hill-spaced, row-
spaced, and thinly drilled stands sown at the rate of 2 pounds of seed to the 
acre. During the period ·of this experiment the densely drilled stands result-
ing from sowing 4, and especially 9, pounds of seed to the acre gave seed 
yields which are significantly lower than those from thin stands. As shown 
in Table 16, the variance due to stand treatment is more than five times as 
great as the variance within the plats receiving the same treatment during 
the same seasons. The amount of this variance is approximately 60 per cent 
greater than is required for odds of 100 to 1, indicating that differences 
shown are not due to chance alone. Therefore, the difference may, with a 
high degree of reliability, be attributed to the effects of stand treatments. 
LIGHT-SEEDED DRILLED STANDS OF ALFALFA 
IN RELATION TO SEED PRODUCTION 
A few light-seeded drilled stands of alfalfa were secured by sowing at 
the rate of 2 pounds of seed to the acre. Figure 5 shows the random distri-
bution of three of these plats which were intended to serve as checks in 
row- and hill-spaced alfalfa experiments. Three additional plats having thin 
stands comprise the 2-pounds-to-the-acre seeding in another experiment. 
Complete yield data for these plats are available for three years only and 
are given in Table 17. Since the thickness of the stands is approximately the 
same in all plats, variations in yield must be attributed to the season, a 
probable difference in the soils in individual plats, and to the interactiol1 
between seasons and plats. Analysis of yield data by the variance method 
indicates that the greater portion of variation is due to seasons, while d.if-
ference due to individual plats is statistically insignificant for the number of 
yield records analyzed. It is probable that had a larger number of plats 
been used in the experiment or had yields been obtained for more seasons, 
a significant difference due to soil in individual plats might have been 
obtained, as in the case of hill- and row-spaced alfalfa experiments. 
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Table 17.-Acre-yield of seed from light-seeded dl'illed stands of alfalfa in successful seed 
years and the yield of f orage, 1932. 
Treatment II 
Acre-yield of Seed by Seasons (lbs.) II Hay 
(Re-cleaned seed in pounds) (tons) 
--~P~I~a~ts--71~719~2~9~'1~1~9~370--~1 ~1~9~374~I~M~ea-n--'I~I~71~93~2~ 
Light-seeded A-13 I 105 I 205 290 I 200 6.24 D rilled Stands : B-lO 
I 
250 I 165 452 289 5.80 
C-16 252 I 200 250 I 234 6.21 
I I 
2 lbs. per acre C-8 
I 
230 I 145 330 I 235 5.55 (approximately) C-12 135 I 125 360 I 206 6.02 
D-10 230 I 85 420 I 245 6.27 
Mean II 200 154 350 234 
S},g. Difference between Seasons-95 lbs. (0.63 ton) 
Single Plats-None 
Analysis of Variance 
Source of Variation " De~~ees I Sum of I Mean 
Freedom Squares Squares I F-value I .05 .01 
Total 17 186,403 
Seasons 2 126,225 63,112 14.0 4.11 7.56 
Individual Plats 5 15,134 3,026 
I nteractions : 
Seasons and Plats 10 45,044 4,504 
ALF A LFA VARIETI E S A N D ST RAI NS I N R ELATI O N T O 
SEED YIELD 
Seed-production in alfalfa varieties, and especially in strains within 
varieties, has been found to differ greatly. Comparable yield data for large 
numbers over a period of several years, howe,ver, have been difficult to 
obtaiQ, because of the length of time required to establish stands and the 
uncertainty of representative seed crops. An experiment intended to test 
the seed production of 24 varieties and strains of alf~lfa has been in progress 
at the Uintah Basin Alfalfa-seed Experimental Farm since 1932. It occupies 
two adjacent portions of the farm, in one of which varieties and strains are 
planted in 1/45-acre, 3D-inch row-spaced plats and in the other in light-
seeded drilled stands. A modified random distribution of varieties and strains 
was made within each of four blocks in the two areas. It became evident 
early in the seed season of 1933 that the seed crop for that year would not 
be satisfactory; alfalfa in the portion having drilled plats was, therefore, cut 
for hay. Row-spaced plats were left for the seed crop, which proved to be 
a failure. A satisfactory, but not a large, seed crop was produced from both 
types of stand in 1934, the yields being presented in Table 18. 
For several years previous to the time of beginning seed-production 
experiments, preliminary tests had been conducted with approximately 75 
families of alfalfa plants. The seed from which these originated was pro-
duced from open-pollinated flowers on selected single plants from several 
prominent varieties. A few of the alfalfa families showed outstanding seeding 
capacity in the early trials and were, therefore, included in the enlarged 
seed-production tests. Several well-known strains of the Turkistan variety 
of alfalfa were included because of their promise as being resistant to wilt-
disease. Remaining varie~ies and strains are of the common commercial 
alfalfas, the seed of which was obtained from sources indicated. 
To Dr. George Stewart, Agronomist of the Utah Agricultural Experi-
ment Station at the time the alfalfa-seed work was being initiated, belongs 
the credit for securing many of the foundation stocks of alfalfa used in these 
experiments. Grimm Saskatchew<l:n 666 was secured from the University 
Table lS.-Act:e-yields of seed in pounds of alfalfa varietiel and Itrainl, 1934. (Arranged in order of rank in mean yield. Numbers of varieties 
correspond to numbers on plats in Figure 7. ) 
Acre-yield of Seed in Pounds by Replication 
Mean 
9 Sask. 666-Utah Sel. 15 .................... 300.4 196.8 154.1 139.2 175.2 92.3 199.7 282.7 192.5 
24 Argentine (U.S.D.A. 15996) ......... ~ 112.5 209.5 95.6 338.3 226.4 116.7 160.8 198.3 182.2 
18 Utah Common Sel. 63 ................... ... 236.3 209.5 136.4 103.5 247.5 158.9 149.1 153.3 174.8 
2 Hardigan (Michigan) ...................... 247.5 59.1 167.8 201.1 193.8 261.0 87.2 124.6 167.6 
16 Uintah Basin Common (Utah) .... 140.6 90.0 94.2 95.1 189.8 188.4 173.0 239.0 151.4 
10 Grimm (Utah Sel. 26) ................... . 147.1 388.3 91.4 62.7 106.8 74.5 237.1 112.5 146.2 
20 Utah Common Sel. 69 ................... ... 107.7 99.3 103.5 114.8 114.8 169.6 138.7 291.9 142.5 
22 Italian (U.S.D.A. 2123) .................. 81.0 47.8 66.1 265.8 206.2 106.9 131.6 161.2 133.4 
8 Grimm (Utah Sel. 25) .................... 157.5 55.7 236.3 115.3 104.9 . 182.3 146.3 119.0 133.3 
23 Peruvian (U.S.D.A. 19912) ............ 104.9 123.2 171.0 104.9 135.0 102.7 155;5 137.8 129.4 
4 Ladak (U.S.D.A. 19962) .................. 74.0 164.5 305.1 83.8 65.5 133.9 78.2 109.1 126.8 
12 Onto Variegated (Utah 57) ............ 172.4 172.4 112.5 99.S 69.8 83.8 177.2 114.8 125.3 
1 Grimm (Idaho Lot Ag. 496) .......... 67.5 149.9 61.3 119.8 181.4 92.3 188.4 138.7 124.9 
17 Millard Common (Utah) ................ 196.9 112.5 52.0 64.1 189.8 60.5 147.9 124.6 118.5 
19 Utah Common Sel. 67 ...................... 99.8 68.3 108.3 142.9 126.6 123.2 128.0 128.8 115.7 
3 Cossack (Boyd' s Utah) .................. .. 214.6 131.6 58.5 66.9 75.9 75.9 92.3 178.0 111.7 
21 Arizona (U.S.D.A. 2638) ................ 64.1 192.7 120.4 144.8 87.2 60.5 64.7 128.0 107.8 
14 Dakota Common (U.S.D.A. 552) .. 111.1 93.7 73 .1 56.3 68.3 128.8 161.2 114.8 100.9 
6 Saskatchewan 666 (Canada) .......... 67.5 90.0 97.0 109.1 129.4 129.4 68.9 83.0 96.8 
15 Dakota 12 (U.S.D.A. 15997) .......... 213.2 108.3 79.6 40.8 69.8 '39.4 58.5 126.6 92.0 
11 Kaw (U,S·.D.A. 34886) ................. ..... 52.0 54.3 59.1 47.3 28.1 40.2 83.8 139.6 63.0 
13 Hardistan (Neb. Exp. Sta.) .......... 47 .8 47.8 22.5 26.7 80.4 46.4 38.2 55.7 38.8 
7 Turkistan (U.S.D.A. 15754) .......... 48.7 42.2 20.5 27.6 26.7 56.3 57.1 22.5 37.7 
5 Onto Variegated (Canada) .............. 59.9 24.7 16.3 29.0 27.6 21.1 18.8 19.7 27.1 
Mean .............. ............. ................. 11 130.1 120.0 104.2 108.3 119.8 /I 103.9 122.3 137.6 /1 118.3 
Significant Difference between means of varieties-54 lbs. (45 .6%) 
Analysis of Variance (based on yields in ounces per plat) 
Source of I De!iees I Sum of I Mean IF-value I Fisher's t Value! 
Variation Freedom Squares Squares .05 .01 
Total 191 107,472 
I 
I Between Blocks 7 8,177 453 Between Varieties 23 44,690 1943 5.23 2.16 2.92 
Between Rows and Drilled Stands 1 191 191 I Error 160 59,414 371 
> t" 
'11 
> t" 
'11 
~ 
III 
III 
o 
Z 
< 
l:! 
..; 
C; 
> 
..; 
(5 
~ 
z 
c 
~ 
:t 
~ 
~ 
38 UTAH EXPERIMENT STATION BULLETIN No. 258 
of Saskatchewan, through the courtesy of Professor L. E. Kirk of that 
institution, who originated the selection. The strain Saskatchewan 666 (Utah 
Selection 15) originated in Utah from seed of open-pollinated flowers pro-
duced on a plant of the regular Saskatchewan 666, having a pronounced 
heavy seeding habit. This selection has shown exceptional seeding capacity, 
as compared with other varieties and strains tested at the Experimental 
Farm. Results from the present experiment constitute the third repetition 
of tests in which Saskatchewan 666 (Utah 15) has excelled or equaled the 
best entries in seed production. Argentine was included since it gave the 
highest actual yield of seed in the first tests reported in Utah Station Bulletin 
226 (1931). Utah Common (Selec.tion 63) has a history and seeding behavior 
similar to that reported for Saskatchewan 666 (Utah 15) except that it is 
a selection from Utah Common alfalfa. Hardigan is known to be a superior 
seeder; its reputation in this respect has been confirmed in tests at the 
Uintah Basin Experimental Farm. Ontario Variegated, as a rule, has been 
a poor seeder in the tests at the Uintah Basin Farm, but Utah Selection No. 
57 of this variety showed an improvement over the parent variety in the 
1934 tests. Strains of the Turkistan variet~ have been uniformly low seeders 
in all tests. Flowers of all heavy seeding strains usually set a fair proportion 
of seedpods, even under rather adverse conditions, although they are by no 
means immune to usual insect injury. 
Interpretation of Results 
In considering the 1934 results obtained from seed-production tests of 
alfalfa varieties and strains, it should be remembered that a trial of this 
kind for one year only is of greatly limited value. However, the value of 
data obtained is enhanced greatly by the fact that they may be interpreted in 
part in light of results obtained over ' a 7-year period in the row-spaced, hill-
spaced, and rate-of-seeding experiments. Individual plats of the latter ex-
periments, which in one year have shown conspicuously low yields, have 
shown complete recovery in subsequent years. In other words, fluctuations 
in yield, apparently, have not been caused by conditions which are more or 
less permanently fixed for certain plats but may be attributed to causes, 
such as bud-injury, resulting from activities of Lygus bugs. 
Analysis of the data by the variance method shows (1) significant varia-
tions in yield due to the varieties and strains and (2) that many of the 
common commercial varieties of alfalfa are of approximately equal seeding 
capacity. A high degree of variability is found between the yields of plats 
of the same variety, but no significant difference is found between the 
means of all varieties in the eight blocks of replicait0ns. Again, there is no 
significant difference between the 1934 mean yields of varieties in the four 
blocks having row-spaced plats and those having light-seeded drilled stands. 
In another way, it may be stated that differences in yield between plats of the 
same block are significantly greater than differences between blocks them-
selves. In general, varieties and strains known to be of high rank in seed 
production from previous tests, compose the group of first rank in the 1934 
tests. The majority of the common commercial varieties and selections 
from these compose the average group, while strains of Turkistan and the 
ordinary Ontario Variegated variety compose the low-seeding group. 
Figure 7 illustrates the experimental area occupied by varieties and 
strains in this test as well as their distribution within the various blocks. 
It illustrates that the manner of their distribution is the same within the re-
spective areas of row-spaced a.nd drill-spaced pJ~ts. The order of corres-
ponding blocks, however, is reversed, so that the pairs having the varieties 
and strains occurring in regular numerical order are grouped together along 
the c.entral roadway. This arrangement is intended to facilitate inspection 
of the varieties without constant reference to written records. Cross-hatched 
plats indicate the position of varieties and strains having a potential capacity 
for high or average yields of seed but which in 1934 yielded less than 100 
pounds of seed to the acre. All plats occupied by the naturally low-yielding . 
Turkistan strains and Ontario Variegated have been eliminated from this 
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consideration. These varieties, apparently, are potentially poor seeders; 
probably for this reason the 1934 yields are uniformly low, regardless of 
their distribution within the . experimental area. Varieties and strains of 
high-seeding and average-seeding groups, on the other hand, have a potential 
capacity for high production, but because of unfavorable conditions or other 
causes may produce conspicuously low acre-yields. The occ.urrence in 
groups, in 1934, of the low-yielding plats of the potentially high and average 
seeding strains affords evidence of insect concentration and damage to seed-
setting in 1934. The condition is similar to that occurring over a longer 
period in the hill-spaced, row-spaced, and rate-of-seeding alfalfa experiments. 
The conspicuous bud-injury observed during the flowering periods on plants 
in the general vicinity of the affected plats is additional evidence of insect 
injury and is a cause of poor seed-setting on affected plats. 
Fl&'. 7-Illustrating the experimental field in which alfalfa-variety and strain seed-produc-
tion tests of 1934 were conducted. The plats were 1/45-acre in area with 18 
inches between. Guard rows of alfalfa were grown at a distance of 18 inches 
from the sides of the outside plats. The distribution of the varieties and strains 
is shown by numbers corresponding to those shown in Table 18. Cross-hatching 
indicates the positions of plats yielding less than 100 pounds of seed to the acre, 
except that plats of the Turkistan and Ontario Variegated alfalfas, which are 
naturally poor seeders, are not marked in this way. The low yields on certain 
plats of high-seeding strains are believed to be due in part to bud-injury resulting 
from the activities of legume bugs. (See Table 18 for actual yield data.) 
Previous observations on alfalfa-seed setting over longer periods show 
that areas of bud-injury and poor seed-setting tend to shift and, as a rule, 
are not confined to the same plats for several years in succession. The fact 
that plats showing marked injury and poor seed-setting in one year often 
show complete recovery in following years should rule out of consideration 
too much emphasis on soil effects or factors which may be more or les5 
permanently fixed for certain plats. The observed tendency for plats with 
a rank growth of alfalfa to be most damaged and affected by bud-injury and 
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poor seed-setting is as marked for the 1934 varieties and strains tes t as for 
the 1929 and 1930 rate-of-seeding experiments. The differential reaction on 
the part of varieties to bud injury and to fac.tors causing poor seed-setting 
is well illustrated in plats Nos. 6, 3, 21, 15 and in 9, 24 and 18 in block G. Plats 
having low yields occur in alternation with plats having high yields. The 
high-yielding varieties or strains (9, 24, and 18) are the strongest in seed-
setting capacity of those included in the experiment. It has been previously 
stated that, as a rule, flowers of strong seeding strains of alfalfa have a 
shorter full-bloom period and for this reason are less liable to injury by 
Lygus bugs. The low yield of strain 9 (Saskatchewan 666-15) in block F is 
of special interest since most of the remaining plats of this strain produced 
high yields. The low-yielding plat lies adjacent to another low-yielding plat 
and is in proximity to others showing more or less poor seed-setting. I t is 
also worthy of note that Plats 9-A and 9-H, which show outstanding high 
yields, were farthest removed from areas of poor seed-setting. These results 
might be attributed to a difference in soil conditions, had it not been ob-
served in previous experiments that the areas of poor seed-setting shift 
somewhat and are not confined to the same plats for several years in suc-
cession. Furthermore, the analysis of variance of the present data shows 
a small and insigni,ficant difference in yields of seed due to blocks or soil 
effects. This is in agreement with results obtained from spacing and rate-
of-seeding experiments over a longer period, in which insect injury is 
regarded as an important. cause of low yields of alfalfa-seed. 
ALFALFA VARIETIES AND STRAINS IN RELATION TO 
FORAGE YIELD 
Since forage production is the ultimate purpose of practically all alfalfa-
growing, the forage value of alfalfa varieties and strains has been given due 
consideration in all seed-improvement work at the Uintah Basin Alfalfa-
Seed Experimental Farm. Forage tests have been conducted at three sta-
tions which are representative of important alfalfa-growing di s tricts of 
Utah. One station is located at the Alfalfa-Seed Experimental Farm, one in 
Logan at the Central Experimental Farm, and another at the field sub-
station in Millard County. Varieties and strains included in tests are the 
same, by name and number, a s have been reported for the seed-production 
Table 19.-Showing the results of the analysis by variance of the alfalfa varieties and strains 
forage yields for two crops in 1932, 1933, aRd 1934, at Logan and Uintah. (For 
use in determining the significance of differences in yields shown in Table 20·A. 
20-B, and 21.) 
Source of Variation 
Degrees of Sum of Mean Square Freedom Squares 
T o tal 1103 956.8164 
Year 2 432.7982 216.3991 
Station 1 120.2124 120.2124 
Varieties 22 33.1936 1.5088 
Crop . 1 16.9216 16.9216 
Interactions: 
Station and Year 2 109.9362 54.9681 
Station and Variety 22 2.2491 .1022 
Station and Crop 1 27.6830 27.6830 
Variety and Year 44 16.6783 .3790 
Variety and Crop 22 6.9459 .3157 
Crop and Year 2 65.6766 32.8383 
Variety, Station, Year 44 2.3319 .0529 
" " Crop 22 1.6442 .0747 
Year, Crop 44 4.1038 .0932 
Crop, Station, Year 2 47.5285 23.7642 
Soil Effects (including 
Interaction) 24 18.5641 .7735 
Error 848 50.3490 .0593 
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tests (Table 18). Planting was done in SO-foot rows in four replications. The 
distance between rows is 30 inches, while distribution of varieties and strains 
within the blocks or replications is the same as for seed-production tests 
(Figure 7). Seed of each variety and. strain was sown in the spring of 1932; 
sufficient growth was made in that year to permit taking two crops of hay at 
the three stations. Complete yields for three crops at all stations were ob-
tained in 1933, but only for Logan and Uintah in 1934. Yields are expressed 
in tons per cutting based on 30 per cent of the green weight as dry matter, 
as it was found by drying samples of all varieties during the first year that 
this percentage was about the same for all stations. The usual procedure in 
the analysis of data by the variance method was followed, and the statistical 
constants are given in Table 19. Since no yield data were secured from the 
Millard County Station in 1934 and two crops only were secured at the three 
stations in 1932" for sake of uniformity and balance in the analysis it was 
necessary to base the calculations of variance on two crops at Logan and 
Uintah for three years. Thus, yield data of 12 crops from a total of 21 
availabl e are used for statistical analysis. For yield comparison included in 
the analysis, the forage production of varieties and strains at all stations, in 
all years and for all crops, is given by variety in order of rank in yield; 
a total of the 21 crops is also included. 
Interpretation of Results 
The chief source of variation in yields of forage of alfalfa vanebes and 
strains is that due to seasons. Since plants made their growth from seed 
during 1932, yields for that year are low, as is shown in Table 20-B. Irri-
gation was used at all stations to prom ote a maximum plant growth in the 
year of planting; at the Uintah Station, however, irrigation was discontinued 
thereafter, as a source of water for plant growth in favor of a water-table 
from 6 to 10 fe et below the surface. The 1934 drought produced a lowering 
of this water-table, a deficiency of soil water for maximum plant growth 
resulting at the Uintah Station. This accounts for reduced forage yields 
for 1934 as compared with 1933. Optimum irrigation was possible at Logan 
in all seasons, which resulted in high yields and consistent production for 
both 1933 and 1934. Differences in yield produced by varieties and strains at 
Logan and Uintah may be largely attributed to optimum irrigation at one 
station and to water-table conditions at the other. The difference due to 
crops, as shown in Table 20-A, was practically all produced at Logan, 
where a marked reduction in yield of second crop, as compared with first, 
Table 
Mea n 
20-A.-Mean acre-yield of forage of alfalfa varieties and strains for two crops in 
1932, 1933, and 1934 at Logan and Uintah, compared by crops and stations, crops 
and years, and by crolls alone. (For calculated statistical constants, see Table 19) 
Crop 
1 
2 
II Acre-yield of Forage (30 % green weight in tons per cutting) 
Station II Year II Mean by Crops ~Lo-g-a-n--~I ~U~in~ta~h-T.II--1~9732~~1--719~3~3--~~1~93~4~~II-==~=t~~I~~2~d~ 
II 2.52 I 1.54 II 0.81 I 2.81 2.46 II 2.03 1.95 1.61 1.24 2.10 2.00 1.78 
Sig. Diff. (tons)1\ 2..23 .17 1.57 1\ 1.02 J 3 2.45 2.23 1\ I .19 
Table 20-B.-Mean acre-yield fo r age of alfalfa varieties and strains (20-A), compared by 
years and stations, years, crops and stations, and by years alone. 
Mean 
Year 
1932 
1933 
1934 
Sig. Diff. (tons) 
II 
Acre-yield of Forage (30 % Green Weight in Tons per Cutting) 
Station II 1st Crop II 2d Crop II Mean by Years 
Logan I Uintah I I Logan I Uintah I I Logan IUintahl1 1932 I 1933 I 1934 
II g:~11 ~ :M II ~: ~~ I ~:~ II ~:i~ 1 1~~ 11 1.
04
1 2.45 I 2.91 1.55 3.39 1.54 2.43 1.57 2.23 
IJ 2.23 I 1.57 II 2.03 II 1.78 II I 
n .33 .48 .2.4 
Table 21.-Mean acre-yield of forage in tons per cutting of alfalfa varieties and strains for two crops in 1932, 1933, and 1934 at Logan and Uintah. 
(Ar ranged by number in order of rank in yield and showing the statistical significance of differences in yields due to stations, years, 
and crops.) (For statistical constants, see Table 19.) 
Key to Variety and Strainl Station II Year II Crop Grand 
II 
Acre-yields of F'orage by Varieties in Order of Rank (30% dry matter, in tons per cutting) 
- - - .,..- ------------- Logan I Uintah II 1932 I 1933 I 1984 II 1st I 2d Mean 
No. Name and Source No.1 Yield I No. I Yield II No.1 Yield I No.1 Yield I No. I Yield II No.1 Yield I No. I Yield II No.1 Yield 
I 
1 Grimm (Idaho Lot Ag. (96) ............... _ 3 2.57 7 1.83 21 1.39 1 3 2.87 7 2.57 4 2.41 14 2.05 3 2.17 2 Hardigan (Michigan) •......................... 14 2.55 13 1.81 23 1.25 5 2.81 13 2.57 3 2.38 15 1.99 7 2.16 
3 Cossack (Boyd's) .................................. 7 2.50 14 1.78 14 1.21 4 2.79 14 2.53 7 2.34 7 1.98 14 2.16 
4 Ladak (U.S.D.A. 19962) ......................... 5 2.45 3 1.77 24 1.17 13 2.78 3 2.51 13 2.83 5 1.97 13 2.11 
5 Onto Variegated (Canada) .................... 13 2.41 15 1.76 7 1.16 7 2.76 15 2.43 14 2.27 3 1.96 5 2.09 
6 Saskatchewan 666 (Canada) ............... 15 2.37 4 1.76 15 1.15 14 2.74 4 2.88 5 2.20 21 1.91 15 2.06 
7 Turkistan (U.S.D.A. 15754) ................ 22 2.35 5 1.72 22 1.14 1 2.60 17 2.38 15 2.14 17 1.90 4 2.05 
8 Grimm (Utah Sel. 25) .................. ........ 4 2.35 1 1.70 3 1.13 151 2.60 5 2.37 22 2.13 13 1.89 22 1.99 9 Saskatchewan 666 (Sel. 15) ................... 17 2.29 17 1.67 16 1.09 I 22 2.50 1 2.36 1 2.09 22 1.86 17 1.98 
10 Grimm (Utah Sel. 26) ........................... 10 2.27 22 1.65 5 1.08 17 2.49 22 2.35 17 2.07 1 1.82 1 1.94 
'122 I Onto Variegated (Sel. 57) .................... 21 2.27 21 1.57 17 1.07 ! 10 I 2.47 10 2.23 24 2.02 16 1.81 21 1.92 13 I Hardistan (Neb. Ex.p. Sta.) .................. 16 2.24 16 1.56 12 1.00 12 2.41 16 2.22 10 2.00 12 1.75 16 1.89 
14 I Dakota Common (U.S.D.A. 552) .......... 24 2.22 24 1.54 4 .97 2 I 2.39 2 2.16 16 1.98 24 1.74 241 1.88 15 I Dakota 12 (U.S.D.A.) 15997) ................ 20 2.21 8 1.52 18 
.97 "\2.38 24 2.14 20 1.94 10 1.71 10 1.86 16 I Uint ah Basin Common (Utah) ............ 1 2.17 12 1.50 20 .95 8 2.37 8 2.14 2 1.94 23 1.70 12 1.83 17 Millard Common (Utah) ........................ 12 2.17 2 1.48 1 .90 20 2.36 20 2.10 21 1.93 4 1.69 2~ I 1.81 18 I Utah Common (Sel. 63) ........................ 2 2.15 10 1.45 2 .89 21 2.31 12 2.09 8 1.93 2 1.69 1.80 
19 I Utah Common (Sel. 67) ............ ............ .. 8 2.07 9 1.41 18 .89 24 2.30 21 2.07 12 1.92 8 1.66 ~ I 1.79 20 I Utah Common (Sel. 69 ) .............. .......... 6 2.03 20 1.40 8 .88 6 2.19 9 2.03 6 1.88 20 1.66 1.67 
21 I Arizona (U.S.D.A. 2638) ........................ 19 1.96 18 1.36 19 .88 9 2.18 6 2.03 9 1.83 18 1.63 9 1.66 
22 I Italian (U.S.D.A. 2123 ) ............ .............. 23 1.96 19 1.35 10 .88 19 2.11 19 
,.9'/ 19 1.73 19 1.58 19 1.65 23 I Peruvian (U.S.D.A. 19912) .................... 9 1.91 23 1.34 6 .80 18 2.08 18 1. 4 18 1.64 6 1.52 23 1.65 
24 I Argentine (U.S.D.A. 15996) .. ......... ....... 18 I 1.91 6 U2 9 .76 23 I 1.97 23 1.73 23 1.61 9 1.49 18 1.63 I I 
Sig. Diff. (tons) 0.19 II 0.24 II 
I 
0.19 0.13 
I 
1 Use of key illustrated: Variety No. 3 is Cossack, highest rank in yield of forage at Logan, 4th in rank at Uintah; 8th in rank in 1932, 1st in 
1933, 4th in 1934 ; 2d in rank for 1st crop, 5th in rank in 2d crop; and 1st in rank in mean yields of all stations, years and crops. 
2No data for No. 11. 
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is shown. With the exception of 1932, yields of the first and second crops at 
Uintah are practically the same, as shown in Table 20-B, whereas on the 
average the diffe~ence between the two crops at Logan is more than a ton 
to the acre. The reason for this difference i~ not readily apparent, since 
optimum irrigation at Logan gave sufficient soil water for plant growth at 
all times and temperature conditions at the two stations are similar. 
As indicated in Table 21, some of the varieties show important differ-
ences in yield of forage which are statistically significant. On the basis of the 
quantity which constitutes a significant difference between varieties, as ob-
tained from the analysis of variance, varieties may be classified into three 
general groups. In order of rank, from high to intermediate and low in 
yield of forage, varieties differ slightly from station to station, from year to 
year, and from crop to crop, but their position in a general order of rank 
remains approximately the same. In other words, varieties of high produc-
tion at Logan tend to be high for Uintah, which is the same for crops and 
years. Nevertheless, differences observed between yields of the same varie-
ties at different stations approach in some cases statistical significance. As 
regards yield of forage , the greatest deviation from the average rank of 
varieties was shown in 1932, when Arizona, Peruvian, and Argentine alfalfas 
have positions in the first group. This is probably due to their rapid growth 
from seed during the year of planting and before the plants had been sub-
jected to severe winter temperatures. After one winter, yields for these 
varieties were reduced to the extent that they ranked in the lowest group. 
Varieties of the group having high forage yields include Cossack, Dakota 
Common, Dakota 12, Turkistan, Hardistan, Millard Common, Idaho Grimm, 
Ontario Variegated, and occasionally Ladak and Italian alfalfas. These 
varieties shift in rank between the first group and the upper portion of the 
second group, depending upon the year, the crop, or the station. The extra 
heavy-seeding strains, Saskatchewan 666-15 and Utah Common Selection 63, 
are consistently low in forage production. This is also true of most of the 
southern alfalfas, with the exception of Italian. In the main, selections for 
the improvement of seed production are intermediate in forage production. 
Statistically significant differences in yield of forage are obtained between 
varieties and crops, but even here those varieties which rank high in total 
yield also rank high by crops. Ladak is an important exception, since it 
made greatest vegetative growth for the first crop, leading all others in this 
respect. A habit of making rapid growth for the first crop may be of impor-
tance, where, because of a short season or a shortage of water, only one crop 
can be harvested during the year. Arizona and Peruvian alfalfa made a 
proportionally greater growth for the second crop as compared with the 
first, while Saskatchewan 666 and several Utah Common selections are 
approximately the same for both crops. The third crop produced by varie-
ties and strains is not considered in these comparisons; otherwise, the 
differential between varieties and crops would probably have been much 
greater. Repeated field observations have indicated the early dormancy 
habit of Ladak, Hardistan, Turkistan, and Saskatchewan 666 strains. The 
most regular and consistent vegetative growth has been obtained with 
Cossack, Grimm, Utah Common, Dakota Common, Ontario Variegated, 
and Hardigan. 
Table 22 indicates the forage yields of varieties and strains for all 
stations, .years, and crops. The general rank of varieties and strains is ap-
proximately the same both for Uintah. and Logan, which is some indication 
of the general suitability of the hig h-yielding varieties for use in all im-
portant alfalfa-growing districts of Utah. A difference in forage production 
of approximately 20 per cent is found between the best and the poorest 
of varieties and strains, which is evidence of the economic value of improved 
alfalfas for hay-growing. At th e present time, seed of the particular strains 
used in these tests is not available in commercial quantities. Furthermore, it 
is not known to what extent the commercial seed stocks of the Dakota and 
Cossack alfalfa may be representative of the strains used in these experi-
ments. 
Table 22.-Summary, mean acre-yield of forage of alfalfa varieties and strains in tons per cutting at Logan, Uintah, and Millard (1932 and 1933) 
and at Logan and Uintah (1934). (Yields are based on 30 per cent of green weight as dry matter. Arranged in order of rank in yield 
by grou:ps. For comparison with yields for Logan and Uintah. see Table 21.) 
Variety or Strain II 
Mean Acre-yield Forage per Cutting (30 % green weight-tons) II ~::s ~~ :1 
Season 1982 II Season 1933 II Season 1934 Stations and 
Logan I Uintah I Millard II Logan I Uintah I Millard II Logan I Uintah 3 Seasons 
(No. Replications) 
(No. Cuttings) 
Cossack (Boyd's Utah) ....................................... . 
Dakota Common (U.S.D.A. 552) ...... ............... . 
Dakota 12 (U.S.D.A. 15997) ... .............. ............ . 
Turkistan (U.S.D.A. 15754) ............................. . 
Hardistan (Neb. Exp. Sta.) .. ............... ............ . 
Italian (U.S.D.A. 212·3) ............... ........ .............. . 
Ontario Variegated (Canada) .. ....... .................. . 
Millard Common (Utah) ................................... . 
Grimm (Idaho Ag. 496) .............................. ....... . 
Ladak (U.S.D.A . . 19962) ................ ..................... . 
Arizona (U.S.D.A. 2638) ......... .......................... . 
Grimm (Utah Sel. 26) ........ .......... ..................... . 
Uintah Basin Common (Utah) .................... ..... . 
Onto Variegated (Utah Sel. 57) ............... ........ . 
Hardigan (Michigan) 
Argentine (U.S.D.A. 15996) ............................. . 
Utah Common (Sel. 69) ............... ...................... . 
Utah Common (Sel. 67) ........ .............. ..... .......... . 
Gdmm (Utah Sel. 25) ......... ................................ . 
Peruvia n (U.S.D.A. 19912) ............................... . 
Utah Common (Sel. 63) ......... ............................ . 
Saskatchewan 666 (Canada) .. ....... ................. ... . 
Saskatchewan (Utah Sel. 15) ........ ...... ............. . 
Mean by Stations and Seasons ..................... ....... II 
Sig nificant Difference (tons) .... ........ .............. .. 
Significant Difference ( % ) ...... .................... .. 
4 4 4 II 4 4 4 II 4 4 2 2 2 3 3 3 3 3 
1.00 
1.20 
1.10 
1.14 
.88 
1.06 
1.05 
.96 
.71 
.78 
1.33 
.86 
1.08 
.96 
.78 
1.13 
.95 
.83 
.73 
1.20 
.75 
.70 
.59 
.95 
.18 
1.27 
1.23 
1.21 
1.19 
1.07 
1.23 
1.07 
1.19 
1.08 
1.17 
1.44 
.91 
1.11 
1.06 
1.02 
1.22 
.96 
.94 
1.04 
1.32 
1.04 
.91 
.92 
1.11 
.15 
1.22 
1.14 
1.24 
.99 
1.03 
1.29 
.97 
1.05 
.95 
.91 
1:38 
1.01 
1.12 
1.01 
.96 
.95 
.98 
1.19 
.82 
1.48 
.86 
.80 
.85 
1.05 II 23
2.95 
2.90 
2.61 
2.68 
2.72 
2.64 
2.88 
2.57 
2.49 
2.56 
2.48 
2.68 
2.48 
2.40 
2.45 
2.46 
2.47 
2.13 
2.36 
2.24 
2.50 
2.21 
2.12 
2.52 
.23 
2.19 
2.17 
2.24 
2.14 
2.13 
1.95 
2.25 
2.08 
2.23 
2.08 
2.00 
1.84 
1.87 
1.97 
1.88 
1.80 
1.71 
1.73 
1.88 
1.80 
1.69 
1.59 
1.68 
1.95 
.13 
2.90 
2.72 
2.77 
3.02 
2.96 
2.55 
2.17 
2.40 
2.51 
2.67 
2.00 
2.58 
2.40 
2.34 
2.55 
1.96 
. 2.4'3 
2.62 
2.37 
1.96 
1.97 
2.25 
2.32 
2.45 
.30 
2.90 
2.92 
2.74 
2.73 
2.70 
2.76 
2.62 
2.74 
2.64 
2.59 
2.60 
2.54 
2.49 
2.46 
2.59 
2.57 
2.50 
2.50 
2.42 
2.57 
2.30 
2.41 
2.28 
2.59 
.22 
1.45 
1.58 
1.54 
1.6'3 
1.69 
1.39 
1.49 
1.45 
1.49 
1.29 
1.15 
1.27 
1.33 
1.15 
1.17 
1.24 
1.13 
1.11 
1.26 
.94 
1.13 
1.08 
1.12 
1.31 
.16 
21 
2.10 
2.09 
2.05 
2.03 
2.02 
1.95 
1.92 
1.91 
1.88 
1.87 
1.85 
1.82 
1.82 
1.78 
1.78 
1.74 
1.73 
1.72 
1.71 
1.63 
1.62 
1.59 
1.58 
1.83 
.08 
4.37 
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SUMMARY 
Utah's dry and desert-like climate, and especially the light but frequent 
summer precipitation in her important alfaHa-seed districts is regarded as a 
significant factor in alfalfa-seed production. The low precipitation is believed 
to condition the atmosphere rather than the soil for alfalfa-seed growing, 
since irrigation or underground water is usually required for successful seed-
growing. 
The average annual precipitation in the important seed districts of 
Utah ranges from 5 to 15 inches, of which approximately 3 inches falls dur-
ing the seed-growing season. The frequency of cloudy days and summer 
showers in the seed districts is from 14 to 30 per cent greater than for the 
regions of greater annual precipitation in Utah and in other sections where 
alfalfa-seed growing is of minor importance. 
It is significant that the highest and total acre-yields of alfalfa-seed on 
record for Utah were produced during and immediately following a series 
of years in which precipitation has been normal or above, while low yields 
were produced from 1928 to 1933 when annual precipitation was approxi-
mately 20 per cent below normal in the important alfalfa-seed districts. 
Highly significant negative coefficients of correlation have been obtained 
between relative humidity of the air in the day time and seed-settng in 
alfalfa in years when the mean daily humidity was 60 per cent and with 
19.8 per cent of variability. Improved, but not maximum, seed-setting was 
secured in 1934, with a mean daily relative humidity of 40 and with 45.2 
per cent variability. Apparently, a relatively low mean moisture content of 
the air, with a high degree of variability or fr equent fluctuations, is associated 
with good seed-setting in alfalfa. 
From six to eight successive crops of alfalfa flowers are produced in a 
normal season in the Uintah Basin. As rule, seed-setting has been highest 
with the first three and the last crops of flowers. Seed-setting has been 
noticeably poorest during midseason, or from approximately July 15 to 
about August 15 of each year. As alfalfa flowers increase in age, reckoned 
from the time they expand from the buds, their capacity to form seedpods 
is decreased. 
Common stripping in alfalfa, apparently, results from unfavorable 
weather conditions which may prevent the fl owers fr om bec.oming properly 
pollinated and fertilized. Bud-blasting in part results from injury by Lygus 
bugs and, apparently, is an important cause of poor seed-setting in rank 
growth and thick stands of alfalfa. 
In these studies 27 per cent of alfalfa flowers allowed to deve lop natur-
ally formed seedpods, while 44 per cent on those tripped artificially and 54 
per cent of those artificially cross-pollinated formed seedpods. By artificial 
tripping or cross-pollinating and then enclosing the alfalfa flowers in kraft 
bags for protection against Lygus bugs, seed-seting in midseason and on 
flowers of second-crop alfalfa was equal to that on similarly treated early-
season flowers of the first crop. These flowers when left exposed to open 
field conditions gave a lo.wer percentage of pods. Artitficially tripped flowers 
on the average gave the fewest number of seeds per mature pod, with 
cross-pollinated flowers giving the greatest number. These differences, how-
ever, are slight and are probably insignificant. 
Inbreeding or enforced self-pollination of alfalfa flowers resulted in 
r educed seed yields in plats grown from the seed produced. Reduction in 
yield of seed due to selfing is equal to approximately 50 per cent of the yields 
of progeny from open-pollinated seed of the same plant. Plants originating 
as seed from open-pollination on plants, whose capacity to produce seed 
has been reduced as a result of selfing in a previous g eneration, show a 
partial recovery in yield of seed, probably due to hybrid vigor resulting from 
cross-pollinati on in the ·field. Effects of the supposed hybrid vigor in plants 
are manifest (1) by an improved tendency of the flowers to form seedpods, 
(2 ) by a greater proportion of the seedpods to reach maturity without strip-
ping, and (3 ) by mature pods to contain a larger number of seeds. 
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On the average, hill-spaced, row-spaced, and light-seeded drilled stands 
of alfalfa give the highest acre-yields of seed. For seed production in 
especially favorable years, however, thick stands may prove to be equally 
as good as thin stands. There is evidence that because thick stands of alfalfa 
produce a more succulent growth and provide more protection for the 
nymphs of the Lygus bugs, they are more frequently injured for seed pro-
duction because of insect activity. 
Hill-spaced alfalfa gave the highest and most consistent production oc 
seed over a 7-year period, but it is doubtful if this method will find a proper 
place in commercial seed-growing. It has, however, great usefulness in 
nursery and breeding work. 
Seed-production with alfalfa varieties, and especially with strains within 
varieties, has been found to differ greatly. Varieties and strains show a 
marked difference in response to insect injury, as is evidenced by the rela-
tively high yields of heavy seeding strains adjacent to other varieties show-
ing severe bud-blasting, with resulting low-seed yields. 
Forage production is the chief objective in practically all alfalfa-growing. 
The principal source of variation in yields of forage from alfalfa varieties and 
strains is due to seasons. As a rule, varieties which are high in forage pro-
duction at one station or for one year or crop are also high at other stations 
in the same xear and for the same crops. Important exceptions do occur, 
however, so that certain varieties may be found to be better adapted for 
special conditions. 
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